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HROMBOANGIITIS obliterans, proved pathologically, has appar- 
ently never been described in negroes. The only reference in the 
literature to the occurrence of this disease in a negro is that of Gem- 
mill, who reported a case of bilateral gangrene of the legs as such 
but who unfortunately did not perform a pathological study of the 
vessels of the amputated limbs. Questionnaires sent to some of the 
leading authorities on peripheral vascular disease, including E. V. 
Allen, Geza de Takats, Saul S. Samuels, and Howard R. Mahorner, 
produced replies to the effect that they had never heard of or seen a 
proved case of thromboangiitis obliterans in a full-blooded negro. 
Personal inquiry of other clinicians and pathologists elicited informa- 
tion from a few to the effect that they had rarely heard of cases 
thought to be thromboangiitis obliterans in members of this race. 
The cause of the apparently great rarity of this disease among 
negroes has never been explained, just as its rarity among white fe- 
males has never been satisfactorily explained. It may be, however, 
that the incidence of this disease among negroes will be found to be 
not so rare as it seems, just as its incidence among gentiles has been 
shown to be much more common than was originally supposed. The 
following five cases of peripheral vascular disease in negroes seem to 
fulfill sufficiently the criteria of thromboangiitis obliterans to be con- 
sidered instances of that disease in members of this race. 


REPORT OF CASES 
Case 1.—Clinical History.—D. H., a full-blooded negro laborer aged forty-three 
years, was admitted to the Gallinger Municipal Hospital on Feb. 9, 1934, with a chief 


*From the Georgetown University School of Medicine and the Gallinger Municipal 
Hospital. 
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complaint of pain in both feet and deformities of the toes. The history with refer- 
ence to this complaint dated back to July, 1927. Until that time the patient had not 
had symptoms referable to the extremities and had been in good general health. 
On July 10, 1927, for the first time he had a severe ‘‘drawing’’ pain in the great 
toe of the left foot. There was no history of trauma to the part. Examination 
at that time at the Freedman’s Hospital clinic revealed the left great toe diffusely 
swollen and extremely tender. On the plantar surface was found a small, firm, 
nodular area. The pain was lancinating and severe and somewhat relieved by walk- 
ing. Within several days the entire left foot became swollen and painful. Incision 
and drainage of the great toe released serosanguinous fluid, after which the patient 
experienced some relief and the inflammatory process receded somewhat. He con- 
tinued to have pain, however, and the distal soft parts of the great toe became 
necrotic and sloughed off, failing to heal and leaving the bone exposed. In August, 
1927, therefore, the toe was amputated surgically. Postoperatively the wound healed 
very slowly, and gradual involvement of all of the toes of the left foot took place, 
with necrosis, sloughing and exposure of the bone of the distal phalanges. Ap- 
parently, there was at this time definite bone destruction, with loss of most of the 
substance of the phalanges. The condition was considered primarily a dry gangrene. 
The patient was discharged from the hospital somewhat improved. Subsequently 
the patient remained at home, reporting at intervals to the hospital out-patient 
department and complaining of recurring pain in the left foot and chronic ulcerations 
of the toes of the left foot. In July, 1928, the tips of the toes of the right foot 
became affected, manifesting ulceration, sloughing and retraction of the soft tissues. 
The patient now complained of constant, tingling pain in the lower extremities and 
was unable to walk except with great distress in the feet. Typical intermittent 
claudication with pain in the calf muscles did not oceur, however. At this time the 
patient also experienced numbness and tingling in the left arm, extending from the 
elbow to the finger tips, with trophic disturbances in the finger tips. The condition 
progressed slowly until the winter of 1929, by which time definite scarring of the 
ends of all of the fingers of the left hand had taken place, with gradual loss of the 
nails. The patient did not complain of much pain with this affection but stated 
that the soft tissues of the fingertips showed flattening and star-shaped scarring. 
Since 1929 he had had recurrences of these attacks each winter, accompanied by 
chronic ulceration of the toes and periodic severe pain in the lower extremities. 

At the time of his admission to the Gallinger Municipal Hospital physical examina- 
tion revealed dental caries, gingivitis, and chronic tonsillitis. The left cardiac border 
was found to be in sixth interspace 13 em. from the midsternal line. A systolic 
murmur at the apex with an occasional extrasystole was recorded. The blood pres- 
sure was 120 systolic and 80 diastolic. The lower extremities were warm, and pulsa- 
tions were noted as present in the dorsalis pedis arteries of both feet. The foot 
revealed a healed amputation of the first toe and loss of the distal phalanges of the 
remaining toes, with dry ulceration and exposure of the bone. The first and fifth 
toes of the right foot were affected in the same manner. There were stiffness and 
plantar flexion deformity of the second and third toes of the right foot. No mention 
was made of the condition of the upper extremities on this admission. The rest of 
the physical examination was essentially negative. 

There was a past medical history of measles, mumps, whooping cough, and chronic 
tonsillitis. In 1902 the patient had been confined to bed for six months, apparently 
with acute rheumatic fever. He had had a urethral discharge as a young man and 
gave a history of a penile lesion in 1908, followed at an unknown later date by seven 
injections of neoarsphenamine. He had smoked tobacco to a moderate extent until 
the past year, since which time he had not used tobacco. Since the onset of the 
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present illness the patient had been in good general health except for pain. This 
was so severe at times as to cause insomnia. The general history was otherwise 
negative except for occasional dyspnea and palpitation within the past few years. 

An x-ray film of the legs made during this hospitalization was negative for any 


definite evidence of sclerosis of the vessels. Some chronic periostitis of the middle 


third of the left fibula was revealed. The bones of the distal phalanges of the 
left foot were partially destroyed. The Kahn test of the blood was negative. A 
hemogram was normal except for a slight Ieucocytosis on one occasion. 

The patient was put on a regimen of contrast baths and Buerger’s exercises. He 
responded well to this therapy and in a few weeks was able to walk about the 


Appearance of feet in June, 1934, 


Fig. 1.—Case 1. 


On several occasions typhoid vaccine up to 20 million bacilli 
Each injection produced a febrile reaction, but ap- 
These instances were the only ones in the 


ward without distress. 
was injected intravenously. 
parently little benefit was obtained. 
patient’s entire hospitalization in which the body temperature rose above normal. 
When he left the hospital in June, 1934, his condition was considerably improved, 
the pain having disappeared entirely and healing of the ulcerated areas being 
almost complete (Fig. 1). He was discharged with a diagnosis of thromboangiitis 
obliterans of the upper and lower extremities. 

The patient was readmitted to the Gallinger Municipal Hospital on Dec. 9, 1935, 
complaining again of severe pain in the lower extremities and ulceration of the 
right great toe. On physical examination at this time there were systolic and 
diastolic murmurs at the base of the heart with occasional extrasystoles. The 
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cardiac outline was as before. The blood pressure was 120 systolic and 75 diastolic. 
Examination of the upper extremities showed flattening of all fingertips and some 
searring of the soft tissues of the middle finger of the right hand. The left foot 
was essentially in the same condition as previously with the exception that it was 
now somewhat swollen. There was a large ulcer in the distal portion of the right 
great toe, the nail of which had been lost. There was also an ulcerated area between 
the right great toe and the adjacent toe. The remaining toes were atrophic but 
not ulcerated. Pulsation was noted in both popliteal arteries but was absent in 
both dorsalis pedis arteries and in the left posterior tibial artery. The pulsation was 
good in the right posterior tibial artery. Superficial veins over the tibias were 
visible and nodular. The rest of the physical examination was essentially negative. 

X-ray films of the legs and feet showed no evidence of arteriosclerosis of the 
vessels, but only trophic changes in the remaining portions of the phalanges. The 
Kahn test of the blood, the hemogram, the urinalysis, and spinal fluid examinations 
were all essentially negative or normal. The patient was again placed on Buerger’s 
exercises, experiencing considerable relief in a few weeks. Dry dressings were 
applied to the toes, which were painted frequently with gentian violet. A heat 
cradle was used frequently over the lower extremities. Typhoid vaccine was again 
given intravenously in graduated doses up to 200 million, this time without any 
febrile reaction and with no apparent benefit to the patient. Antisyphilitic treatment 
was administered. 

On Jan. 15, 1936, thorotrast (stabilized thorium dioxide sol) was injected into 
the right femoral artery, and arteriograms were made of the leg and foot. These 
showed the posterior tibial artery relatively normal, but the anterior tibial artery was 
apparently completely occluded below its lower third. There were many fine collateral 
vessels, some having a corkscrew appearance. The appearance was that of thrombo- 
angiitis obliterans (Fig. 2). On January 18 arteriograms of the left lower ex- 
tremity were made. They demonstrated occlusion of both tibial arteries in their 
lower third. Collateral vessels were present as in the right leg, and a few showed 
a corkscrew appearance. Arteriograms of the upper extremities were not successful. 

On January 21 a flat x-ray plate of the abdomen, made after the injection of 
100 e.c. of thorotrast intravenously for the making of the arteriograins described, 
showed the liver of normal density, size, and a, The spleen also was of 
uniform density and of average shape and size. ' 2: 

On January 28 surgical exploration of the left posterior bial artery was under- 
taken with local anesthesia to obtain a biopsy of a vessel. The artery was dissected 
out and found to be markedly sclerosed and hypertrophied. A small hypodermic 
needle was introduced into the artery and a small stream of blood diffused from the 
artery into the syringe. However, no pulsation was noted. Because of this evidence 
of blood flow it was decided not to resect the artery. 

On February 3 a biopsy specimen was removed from the dorsum of the left third 
toe. The microscopic section showed only chronic inflammatory reaction throughout. 
There was considerable round cell and plasma cell infiltration. The blood vessels were 
very small and few in number. The specimen consisted almost entirely of granulation 
tissue. 

Several days later surgical exploration of the left dorsalis pedis artery was 


undertaken. It was dissected out under local anesthesia and found to be firm and 


nonpulsatile. No blood could be obtained from it through a hypodermic needle. 
The artery was therefore ligated and a portion of it excised. 

On February 24 examination of the right upper extremity revealed no further 
extension of the obliterative process. All of the incisions in the left foot were 
completely healed. The right first toe had a small, clean, practically healed ulcer 
on its distal portion. Both extremities were warm, and the patient stated that 
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Fig. 2.—Case 1. Arteriogram of right leg. Anterior tibial artery occluded in lower 
third, posterior tibial artery patent. Numerous small collateral arteries visible. 


he did not experience any pain and could walk without distress. He felt strong 
and well. When discharged from the hospital on April 12, 1936, all lesions were 
completely healed. The patient has been followed in the out-patient department 
of Georgetown University Hospital since then and has remained well and been free 
of pain. 
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Microscopic Study of the Left Dorsalis Pedis Artery.——The portion of dorsalis 
pedis artery, about 1.5 cm. long, was sectioned at intervals of about 1 mm. and 
stained with hematoxylin and eosin, van Gieson’s connective tissue stain, Masson’s 
trichrome stain, and acid orcein. The lumen was completely occluded with dense 
fibrous tissue in which were many small blood vessels but no endothelium-lined 
eanals (Fig. 3). Inflammatory elements were not present. The internal elastic 
lamina was well preserved for the most part, although in one or two small areas 
it was ghostlike. Adjacent to these areas the fibrous tissue within the obliterated 
lumen was paler and contained more nuclei but fewer small vessels than the fibrous 
tissue nearer the center of the obliterated lumen. The acid orcein stain revealed 
considerable delicate elastic tissue in these portions but very little elastic tissue else- 
where in the obturating tissue, except about one particular small peripheral vessel 
which had a thick, densely nucleated fibrous collar. The media was irregular in 
thickness, but on the whole it was thicker than normal. Its inner edge was 
moderately shaggy, and in places the muscle fibers were disarranged and not 
parallel. The outer edge was also jagged in places. The media contained slightly 
more than the normal amount of connective tissue in some sections. Also, in some 
sections the media was almost normally avascular, while in others there were 
many small blood vessels. No active inflammatory elements were present. The 
external elastic lamina was denser and thicker than normal, as was the entire ad- 
ventitia. Venae comites were not present in the sections. Sections stained for 
spirochetes by the Dieterle method by Dr. K. M. Langenstrass, of the Blackburn 
Laboratory of St. Elizabeth’s Hospital for the Insane, Washington, D. C. were 
negative. 

Summary of Case 1.—A full-blooded negro, aged forty-three years, had had 
intermittently for nine years destructive ulcerations of the toes of both feet accom- 
panied by severe pain. Arteriograms revealed arterial changes such as are seen in 
thromboangiitis obliterans. There was evidence of old superficial phlebitis of both 
legs. Sections of a biopsy of a dorsalis pedis artery showed the lumen to be filled 
with fibrous tissue containing small vessels. There had also been trophic disturbances 
of the tips of the fingers of one hand. The patient had had syphilis, but Kahn 
tests of the blood and spinal fluid were negative. He had aortic regurgitation; but 
in childhood he had had rheumatic fever, and the pulse pressure was not increased. 
It was therefore possible, if not probable, that the aortic regurgitation was due to 
rheumatic aortic endocarditis. 


Case 2.—Clinical Course.—J. P., a full-blooded negro aged thirty-four years, 
entered Gallinger Municipal Hospital on March 31, 1936, complaining of ‘‘sore 
toes and swelling’’ of the left foot. About the middle of December, 1935, he had 
noticed a ‘‘sore’’ on the outer surface of the fifth toe of the left foot. A week later 
he was forced to stop working as a coal shoveler because swelling of the foot pre- 
vented his wearing a shoe. Later, the fourth toe had become similarly affected, and 
pain had developed. He had remained at home, bathing the foot with a solution of 
Epsom salts. There was no history suggestive of previous vascular disease. The 
patient had had a penile ulcer one year before 2nd had received about six injections 


in the arm at weekly intervals. He was a moderate smoker. 


Examination revealed a well-developed but undernourished man. There was 
nothing of note except in the lower extremities. The fourth and fifth toes of the 
left foot showed dry gangrene, and the entire foot was cold, dark, ‘‘woody’’ and 
numb. The skin was broken about 2 em. proximal to the base of the little toe on 
the dorsal surface, and thick fluid was oozing therefrom. There were no pulsations 
in any of the large arteries below the middle of Scarpa’s triangle in this limb. 
Trophic changes were not apparent in the right lower extremity, but, although the 
femoral and popliteal arteries were felt to pulsate, the dorsalis pedis and posterior 
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tibial arteries could not be felt. Hemogram, urinalysis, and blood sugar were 
normal, The Kahn test of the blood was four-plus. 

On April 2, 1936, arteriograms were made of both lower extremities with 
thorotrast. Those of the left thigh and leg showed absence of images usually cast 
by the femoral and tibial arteries. There were, however, many collateral arteries 
in both the thigh and the leg (Fig. 4). Many of these were long and superficial ; 
some were undulatory. The arteriograms of the right lower extremity showed the 
arteries to be apparently normal in the thigh and upper fourth of the leg. Below 
that point, however, the tibial arteries were seen to be affected by occlusive vascular 
disease, and there were long, wavy, collateral arteries demonstrable (Fig. 5). 


Fig. 3.—Case 1. Cross-section of dorsalis pedis artery (biopsy specimen), Lumen 
occluded with fibrous tissue containing small vessels; media of uneven thickness; 
surrounding tissue dense. Masson’s trichrome stain. ( X40.) 


Because of the advanced nature of the gangrenous process affecting the left foot 
it was decided to amputate without delay. On April 7, 1936, amputation was per- 
formed below the knee at the junction of the upper and middle thirds of the leg. 
This relatively low point was selected because, although the femoral artery was 
known to be occluded throughout most of its extent, the abundance of collateral 
vessels augured well for healing. During the amputation there was practically no 
bleeding and only very small vessels were encountered. Some gangrene developed 
in the stump, however, and on April 22, 1936, reamputation was performed about 
3 inches higher. Following this procedure a heat cradle was kept continuously over 
the leg, the temperature being maintained at about 100° F., for three weeks. A 
low-grade feyer persisted for several weeks. The patient was discharged from the 
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hospital on May 31, 1936, with the stump almost completely healed. On July 15, 
1936, however, there was still a small unhealed area which was being treated in the 
out-patient department. Otherwise the patient was quite well. 


Fig. 4.—Case 2. Arteriograms of left thigh and leg, indicating occlusion of all major 
arteries, including the femoral, and showing numerous collateral arteries. 


Pathological Study.—The tibial arteries of the amputated leg were recognized 
with great difficulty. They were small and cordlike, and a lumen could not be seen 
with the naked eye. The veins were occluded at intervals by thrombi, Microscopic 
sections were made at various points and stained as in Case 1. 
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The anterior tibial artery was completely occluded in its upper and middle portions 
by fibrous tissue containing a moderate number of nuclei and several irregularly 
shaped, endothelium-lined canals (Fig. 6). Some of these were surrounded by thin 
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Fig. 5.—Case 2. Arteriograms of right thigh and leg, showing partial occlusion of the 
tibial arteries and long, wavy collateral arteries in the leg. 


muscle sheaths and delicate elastic tissue. Some small vessels were also present. 
Near the old intima in some areas there were small clumps of hemosiderin. The 
intima appeared to be somewhat thickened and hyalinized and contained delicate 
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elastic tissue. The internal elastic lamina was practically intact. The media was 
slightly thickened and slightly fibrotic. Some small blood vessels were present 
therein. The muscle cell nuclei were somewhat disarranged. A few discrete 
lymphocytes were present. The adventitia and immediately surrounding tissues 
were dense and fibrotic and contained more small blood vessels and elastic tissue than 
normal. Occasional small groups of lymphocytes were in evidence. Some of the 
veins had irregular thickening of the intima. One was empty and collapsed, another 
was distended with a dense, relatively recent clot. The media of this vein was 
moderately thickened, fibrotic, and vascularized. 


Fig. 6.—Case 2. Cross-section of middle of left anterior tibial artery. Lumen 
occluded with cellular fibrous tissue containing a branching, endothelium-lined canal, 
smaller vessels and small clumps of hemosiderin. Media thin, fibrotic, and vas- 
cularized. Masson’s trichrome stain. (X175.) 


The lower portion of the anterior tibial artery was empty, and its lumen was 
collapsed and slitlike but contained some erythrocytes (Fig. 7). The intima was not 
much altered, but the media was almost replaced by hyaline connective tissue and 
contained a moderate number of small blood vessels arranged more or less circularly. 
The surrounding connective tissue was dense and fibrotic. The intima of the veins 
was considerably thickened and hyalinized in places. 

The upper, middle, and lower portions of the posterior tibial artery were similar to 
the upper and middle portions of the anterior tibial artery. The lumen was filled 
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with fibrous tissue containing endothelium-lined spaces and small vessels. The 
media was irregular in thickness, slightly fibrotic, and somewhat vascularized. 
There was a little elastic tissue in the media. Some lymphocytes were present also, 
varying in numbers in different sections, but usually not numerous. Several veins 
were definitely abnormal, with thickening of the intima. Some contained thrombi. 
One large vein was partially filled with an unorganized thrombus, the free edge 
of which was covered with a layer of endothelium. The wall of this vein contained 
a moderate number of lymphocytes, some epithelioid cells in rows and a few poly- 
morphonuclear neutrophiles. One small vein also contained a considerable number 


Fig. 7.—Case 2. Cross-section of lower portion of anterior tibial artery and veins, 
showing artery (in middle) with closed but nonoccluded lumen, very fibrous and 
vascularized media, and dense periarterial tissue; vena comites (below) shows 
irregular thickening of intima and fresh thrombus. Masson’s trichrome stain. ( X25.) 


of small lymphocytes and some polymorphonuclear leucocytes in its wall and ad- 
ventitia. Some veins were collapsed and empty; others contained blood. Spirochetes 
were not found in the tissues by Dr. Langenstrass. 

Summary of Case 2—A full-blooded negro aged thirty-four years developed 
gangrene of one of his feet which reached a serious state in three and a half months. 
He had serological evidence of syphilis. The large arteries of the affected extremity 
were occluded from Searpa’s triangle down. Arteriograms and physical examination 
revealed evidence also of occlusive vascular disease of the other leg. The affected 
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limb was amputated below the knee, and after a secondary amputation the stump 
gradually healed. Histopathological examination of the tibial vessels of the 
amputated leg showed fibrosis, vascularization, and canalization of the lumina of the 
arteries. The media was fibrotic and vascularized and contained some lymphocytes. 
The adventitia was thickened. The veins showed definite intimal changes and in 
some places medial and adventitial lesions. Thrombi were present in some. 


CasE 3.—Clinical History.—R. J., an apparently full-blooded negro laborer aged 
thirty-six years, was admitted to the Gallinger Municipal Hospital on April 22, 1936, 
complaining of a painful, tender swelling of the inner surface of the right buttock 
of two days’ duration. At intervals during the preceding two years he had had 
pain about the anus, sometimes aggravated by defecation. For several days prior 
to admission the pain had become constant, and he had noticed pus in the stools. 
On admission a swelling was found in the right ischiorectal region. The tempera- 
ture was 102° F., the pulse rate was 98 per minute, and the respiratory rate was 
20 per minute. On April 23, under ethylene-ether anesthesia, a right ischiorectal 
abscess was incised and drained, but smears and cultures of the pus were not ob- 
tained. On April 25 the patient suddenly began to have severe pain in the calf 
of the right leg. The affected area became numb shortly thereafter. During the 
next few days the pain shifted to the foot. Hanging the foot over the side of the 
bed gave some relief from the pain. The past history was essentially negative 
except for a urethral discharge fifteen years previously, a course of five injections 
for ‘‘blood disease’’ in 1925 and a sore on the penis in 1930. There was no 
history suggestive of peripheral vascular disease. The patient had smoked about 
twenty cigarets daily for years. 

On examination on May 12, 1936, the following abnormalities were noted. There 
was marked dental caries. The pupils reacted sluggishly to light. Pulsations could 
not be felt in the vessels of either lower extremity below the femoral triangle. The 
lower half of the right leg and the right foot felt colder than similar parts of the 
left lower limb, and a black area was present on the plantar surface of the right 
little toe. The difference in temperature between the two legs was corroborated 
by readings with the dermotherm. Oscillometriec readings in both thighs were so low 
as to be of no recording value. The upper extremities were apparently normal. 
The blood pressure in the arms was 100 systolic and 70 diastolic. The urine con- 
tained a faint trace of albumin. The Kahn test of the blood was four-plus. The 
leucocytes in the blood numbered 40,000 per cubic millimeter. 

Several attempts to make arteriograms of the left lower extremity in the usual way 
were unsuccessful. Finally, an incision was made over the left femoral triangle 
and the femoral artery exposed. Stabilized thorium dioxide sol was injected 
directly into this artery, but, peculiarly, arteriograms did not reveal the shadows 
of more than a few vessels in the upper thigh. The films did not reveal evidence 
of osteomyelitis of the foot. On May 21 resection of about 2 cm. of the left dorsalis 
pedis artery was performed for study. This vessel was completely occluded. 

By June 13, 1936, the whole right foot had become gangrenous, especially the 
third, fourth and fifth toes, and the adjacent dorsum of the foot. The temperature 
had been ranging from 99° F. to 103° F, The hemoglobin had dropped from 80 
to 65 per cent. The leucocyte count was still very high, being 26,000 per cubic 
millimeter of blood with 79 per cent polymorphonuclear neutrophiles and 10 per 
cent band forms. Amputation was performed at the junction of the upper and 
middle thirds of the right leg. A tourniquet was not necessary, there being prac- 
tically no bleeding. Following operation the stump became secondarily infected. 
The temperature was only slightly elevated, however, thereafter. On July 30, 1936, 
the patient’s general condition was good, but the tibia was exposed in the stump 
and pus was exuding from the wound. The incisions in the left thigh and foot had 
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healed promptly and completely. Antisyphilitic treatment was being employed. A 
secondary amputation of the infected stump about 2 inches higher was performed 
on August 4, and was followed by healing. The patient left the hospital in good 
condition on Sept. 2, 1936. 

Pathological Study.—Sections were made at short intervals of the portion 
of the dorsalis pedis artery of the left (nongangrenous) foot, which portion 
was about 1.5 em. long, and stained with hematoxylin and eosin, Masson’s trichrome 
stain, van Gieson’s connective tissue stain, and acid oreein. All sections showed the 
lumen of the artery to be filled with fibrous tissue. In some, the obturating tissue 
contained one or two large irregular endothelium-lined spaces or canals, There were 
practically no other vessels. A few small collections of hemosiderin granules were 
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Fig. 8.—Case 3. Cross-section of anterior tibial artery, showing lumen occluded 
with cellular fibrous tissue containing several endothelium-lined canals; internal elastic 
lamina almost intact: media fibrotic, with dissolution of muscle fibers. Masson's 


trichrome stain. (X50.) 


present. In one section the lumen was completely closed by cellular fibrous tissue. 
The hyalinized intima merged imperceptibly with the obturating tissue. There was 
a large amount of delicate elastic tissue in the obturating tissue, most dense about 
the new channels. The internal elastic lamina was intact in most of its extent 
but split into a few layers. A small mass of calcium was present in the subintimal 
region of one section. The media was irregular in thickness; the muscle fibers were 
somewhat disorganized; and there was a slight increase in connective tissue. The 
media was not vascular, however; and there were no inflammatory cells. The 
adventitia and surrounding connective tissue were densely fibrosed and contained 
more elastic tissue than normally. 
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Microscopie sections were also made at various levels of the tibial arteries and 
veins of the amputated (right) leg. All sections of the anterior tibial artery showed 
the lumen obliterated by fibrous tissue but containing a number of large, irregular 
endothelium-lined canals (Fig. 8). The few other vessels present therein were of 
eapillary or precapillary size. The obturating tissue was quite cellular and con- 
tained a few small clumps of hemosiderin. The internal elastic lamina was for 
the most part intact. The media was moderately fibrotic and in some sections slightly 
vascular. In other respects also this artery resembled essentially the dorsalis pedis 


Fig. 9.—Case 3. Cross-section of lower portion of posterior tibial artery and 
veins. Artery (left middle) not occluded but intima thickened and muscle fibers 
of media fragmented. Large vena comites (upper right) shows intimal prolifera- 
tion, organized mural thrombus and media very thin in patches. Small vena comites 
(below) shows marked proliferation of intima. Masson’s trichrome stain. (X5.) 


artery of the left foot. The veins in many of the sections were greatly altered, in 
others relatively little. The main feature was an intimal fibroblastic and angioblastic 
proliferation, very variable in thickness and distorting considerably both the lumen 
and the media. This tissue contained a fair number of capillaries. In the larger 
veins there were wavy projections of this abnormal tissue into and across the lumen, 
forming endothelium-lined canals of various sizes and shapes. The media in 
some veins was considerably disrupted and somewhat fibrotic but not inflamed. In 
some of the smaller veins there was a rim of proliferating intimal tissue within the 
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lumen. The intervascular connective tissue was dense and fibrotic. In one section 
there was a small abscess with many polymorphonuclear neutrophiles in this con- 
nective tissue and diffusely scattered lymphocytes and histiocytes. 

The lesions of the upper portion of the posterior tibial artery were quite similar 
to those of the anterior. The endothelium-lined canals were longer, thinner, and 
more definitely branching. The lumen in the middle and lower portions of the 
artery, however, was not occluded by fibrous tissue, but was narrow and was slightly 
encroached upon by a thin rim of variable thickness of fibrotic proliferating intimal 


Fig. 10.—Case 3.—Cross-section of portion of wall and lumen of lower part of 
posterior tibial artery, showing fibroblastic proliferation of intima and fragmentation 
of muscle fibers of media. Masson's trichrome stain. (X350.) 


tissue (Figs. 9 and 10). The media was moderately fibrotic, and the muscle fibers 
were greatly fragmented. The venae comites of the posterior tibial artery were 
found to be affected in all of the sections. The larger veins showed jagged or 
smooth projections of proliferating intimal tissue into, and at times even across, 
the lumen, often with organized thrombi adherent to these vegetations (Figs. 9 and 
11). In some of the large veins these thrombi were very irregular in shape; in others 
they formed long, smoothly outlined, tonguelike or fingerlike processes projecting in- 
to the lumen from a relatively small base. The free edges of these thrombi were 
covered with endothelium. None of the veins was completely occluded. The media 
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was irregular in thickness and practically absent in certain areas. The smaller 
veins did not contain thrombi of any size, but there was often a thick rim of 
proliferated endothelium partially occluding the lumen (Figs. 9 and 12). Lympho- 
eytes and leucocytes were practically absent in most of the sections. In some, how- 
ever, there were a few scattered lymphocytes, some free erythrocytes, and a few 
histiocytes in the perivascular connective tissue. In one section there were many 
thin-walled blood vessels in this tissue. 


Fig. 11.—Case 3. Cross-section of portion of lower part of large posterior tibial 
vein, showing fibroblastic and angioblastic proliferation of intima with focal throm- 
bosis; adjacent connective tissue (below) more than normally vascular. Masson's 
trichrome stain. (<165.) 


Summary of Case 3.—A syphilitic negro aged thirty-six years, developed gangrene 
of the right foot following incision and drainage of a right ischiorectal abscess. 
Pulsations were not present in either lower extremity below Scarpa’s triangle. The 
right leg was amputated below the knee, and healing occurred after reamputation 2 
inches higher. A study of the vessels of the amputated limb and of a resected por- 
tion of the left dorsalis pedis artery revealed chronic obliterative vascular disease. 
The lumina of most of the arteries were filled with fibrous tissue containing endo- 
thelium-lined canals and blood vessels. The media in most of the sections was 
moderately fibrotic and somewhat vascular. The veins for the most part were greatly 
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altered by endothelial proliferation and incompletely occluded by organized clot. The 
intervascular connective tissue was densely fibrotic and contained some lymphocytes 


and at one point a small abscess. 


Case 4.—Clinical History—J. F., an apparently full-blooded negro servant aged 
thirty-two years, was admitted to the Gallinger Municipal Hospital on April 28, 
1936, complaining of a ‘‘sore’’ on the right first toe. His general health had been 
good. He had had influenza in 1917. About 1924 he had had a penile chancre 
and a positive blood Wassermann reaction, for which he had received treatment. 
Blood tests since then had been negative. Eight years before he had had ‘‘sores’’ 
on the heel of the left foot, and healing was slow at that time when several ingrown 


Fig. 12.—Case 3. Cross-section of small vein accompanying lower part of posterior 
tibial artery. Intima greatly thickened with vascularized fibroblastic tissue; project- 
ing into lumen, a round angioblastic body. Masson's trichrome stain. ( X83.) 


toenails were removed. For a year he had had severe pain in the calves of both 
legs when walking. Lately he could walk only a block or two without pain. Four 
months before admission he had had a ‘‘sore’’ at the base of the right fifth toe 
which had healed slowly. Three months before he had had an ingrown toenail 
partially removed from the right first toe, and healing had not occurred. Calluses 
had formed on the balls of the feet, and the toenails required cutting less often than 
formerly. Tingling in the feet had been noted, especially after standing. The arms 
‘¢went to sleep’’ easily. The patient had smoked about twenty cigarets daily since 
the age of ten years. 
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Examination revealed a well-developed and well-nourished negro, apparently 
normal except for the lower extremities. An infected, granulating surface was 
present where the portion of toenail of the right first toe had been removed. Pulsa- 
tions were practically absent in both popliteal arteries. They could not be felt 
in either dorsalis pedis or posterior tibial artery. When the feet were elevated, 
the sole of the right foot became definitely pale, and, when lowered, both feet 
became erythematous. Both procedures caused pain in the feet. The temperature 
of the skin of the right foot was definitely lower than that of the left. The 
oscillometric curves were almost flat in both thighs and legs. The blood pressure in 
the arms was 130 systolic and 80 diastolic. The Kahn test of the blood was negative. 


Fig. 13.—Case 4. Cross-section of dorsalis pedis artery (biopsy specimen), show- 
ing lumen occluded with dense fibrous tissue containing a small endothelium-lined 
canal and numerous small blood vessels; internal elastic lamina absent in places; 
media fibrotic; surrounding connective tissue densely fibrotic. Masson's trichrome 


stain. ( X35.) 


Urinalysis was normal. The hemoglobin was 80 per cent, and the leucocytes 
numbered 10,000 per cubie millimeter of blood. The oral temperature was normal. 

Arteriograms made with stabilized thorium dioxide sol were definitely those 
produced by thromboangiitis obliterans, the main arteries being practically entirely 
occluded from the popliteal fossae down. Long, corkscrew-like vessels were present 
in the legs. 

On May 25, 1936, a portion of the occluded left dorsalis pedis artery about 2 cm. 
long was resected for study. On July 1 the remainder of the right big toenail was 


removed. 
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In spite of various forms of treatment, including intravenous injections of typhoid 
vaccine and of hypertonic saline solution, the heat cradle, Buerger’s exercises, and 
antisyphilitic medication, the lesion on the right big toe became progressively worse, 
until by July 30, 1936, the bone of the distal phalanx was exposed in the base of a 
deep ulcer involving the distal half of the toe. The whole foot was greatly swollen 
and very painful, but there was no other evidence of gangrene. The pain was 
relieved temporarily by the use of typhoid vaccine intravenously, and latterly it had 
ameliorated to some degree spontaneously, although the foot had to be kept 
dependent at all times. The left foot was also considerably swollen, and the 
incision on the dorsum had opened and become infected. This lesion was now 
granulating over. The oral temperature had been normal except for a few small 
elevations. By December both feet were entirely healed, and the patient could walk. 

Microscopic Study of the Left Dorsalis Pedis Artery.—The portion of dorsalis 
pedis artery resected was studied as in Case 1. The lumen was completely occluded 
by fibrous tissue containing a moderate number of small blood vessels and in some 
sections a small endothelium-lined canal (Fig. 13). The obturating tissue was 
densest in the center of the occluded lumen. The internal elastic lamina was intact 
except in a few small areas but was split into several layers. The media was slightly 
fibrotic and contained some abnormal elastic tissue but no new blood vessels or inflam- 
matory cells. The adventitia and immediately surrounding connective tissue were 
dense. No veins were present in the sections. Dr. Langenstrass did not find any 
spirochetes by means of special staining methods. 

Summary of Case 4.—A negro, aged thirty-two years, who had had syphilis but 
whose Kahn test of the blood was negative, had had trouble with his left foot 
eight years before and intermittent claudication of both legs for a year. An ulcer 
developed on the dorsum of the right big toe following partial removal of an ingrown 
toenail. Pulsations were absent in the vessels of both legs, and arteriograms re- 
vealed evidence of severe occlusive vascular disease. A biopsy of the left dorsalis 
pedis artery showed the lumen completely occluded by fibrous. tissue and other 
changes similar to those of the end stage of thromboangiitis obliterans. The 
ulceration of the right big toe progressed for several weeks and then began to heal 
slowly. After several months the lesion was completely healed. 


Case 5.—Clinical History.—N. B., a thirty-year-old, full-blooded negro, entered 
Georgetown University Hospital on Sept. 10, 1936, complaining of a ‘‘sore toe’’ of 
the right foot of three week’s duration. While working as a laborer, he had first 
noticed, one year before, intermittent swelling, coldness, and numbness of his 
right foot and occasionally of the left, especially at night. After a short time he had 
begun to have sharp pains in the calves of his legs during exercise, developing in the 
left leg after they had been present for some time in the right. About three weeks 
before admission, he had noticed continued swelling of the distal half of his right 
foot, especially the third toe, which became very painful and throbbing. In a few 
days a superficial ulcer developed on the distal phalanx of the third toe from which 
blood-streaked pus was discharged. Bathing the foot at home with a solution of 
Epsom salts and the local application of various home remedies failed to improve 
the ulcer. He was a very moderate smoker. 

Examination revealed a rather poorly nourished, black-skinned negro with slightly 
palpable superficial lymph nodes, severe pyorrhea, many carious teeth, and a faint 
systolic precordial murmur. The blood pressure was 145 systolic and 100 diastolic. 
The upper extremities were normal, and the vessels pulsated normally. There was 
a superficial ulcer on the third toe of the right foot, which was discharging a 
little purulent material. No arterial pulsations were palpable in the right lower 
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extremity below Scarpa’s triangle, and even the pulsation of the first part of the 
femoral artery was relatively weak. In the left lower extremity the femoral and 
popliteal arteries were palpable, but the pulsations were slightly reduced in intensity ; 
a faint pulsation was palpable in the posterior tibial artery, but the dorsalis pedis 
could not be felt. There was no evidence of superficial phlebitis. Oscillometric 
examination showed moderately diminished amplitude of oscillations and height of 
the curve. Urinalysis and hemogram were essentially normal. Wassermann and 
Kahn tests of the blood were four-plus. The oral temperature was normal except 
when typhoid vaccine was injected intravenously, as it was every few days. The 
pulse rate varied between 80 and 90 beats per minute most of the time. 
Arteriograms were made of both lower extremities by means of thorotrast. Those 
of the right showed evidence of partial occlusion of the femoral artery in 
Hunter’s canal with numerous collateral vessels in the vicinity. Below this point the 
femoral and popliteal arteries appeared normal, but the anterior tibial artery was 
completely obliterated from its middle third down, and the posterior tibial artery 
presented uneven walls in its upper half, an indirect course and a narrow lumen in 
its lower half. The collateral vessels in the leg were very fine but not numerous. 
The arteriograms of the left lower extremity showed normal vascular shadows down 
to the tibial arteries, both of which had greatly narrowed lumens throughout their 


course. 

An incision was made over the left dorsalis pedis artery, and a portion of that 
vessel, which was occluded, was removed for examination. 

Continuous heating of the legs and feet to 105° F., Buerger’s exercises, warm 
saline soaks, injections of typhoid vaccine, and antisyphilitic treatment were insti- 
tuted. About one month after admission the ulceration of the toe was completely 
healed. The surgical incision for the biopsy healed at about the normal rate. 

Microscopic Study of the Left Dorsalis Pedis Artery.—The portion of dorsalis 
pedis artery resected was studied as in Cases 1 and 4. In this case, however, the 
veins and nerve were included in the sections. The lumen of the artery was com- 
pletely occluded by very cellular and very vascular connective tissue, undoubtedly 
the result of organization of a thrombus. The vessels were of arteriolar, pre- 
capillary and capillary size. Some small clumps of hemosiderin were present in the 
center of the obturated lumen. No endothelium-lined canals were present. The 
internal elastic lamina was wavy and intact. The media was more vascular than 
normal and moderately fibrotic. The connective tissue surrounding the artery was 
much thicker and more vascular than normal. Artery, veins, and nerve were matted 
together. Some small arteries and arterioles near the dorsalis pedis artery also 
had practically completely occluded lumina. A direct branch was completely oc- 
eluded. The largest vein showed subintimal fibroblastic proliferation and wavy 
connective tissue septums in the lumen dividing it into a number of large, irregu- 
lar and branching, endothelium-lined spaces. The nerve was moderately degen- 
erated, as were the nerves in Cases 2 and 3. 

Summary of Case 5.—A negro aged thirty years had had intermittent claudica- 
tion for a year with coldness and numbness of the feet. A very painful, superficial 
ulceration of a toe brought him to the hospital after three weeks. Of the vessels 
of the feet only the posterior tibial artery of the opposite foot was felt to pulsate. 
Arteriograms showed evidence of occlusive vascular disease mainly of the tibial 
arteries of both legs. A biopsy of the dorsalis pedis vessel of the nonulcerated foot. 
showed the lumen of the artery occluded by very vascular fibrous tissue. The 
largest vein was quite pathological. The patient’s blood Wassermann and Kahn 
tests were strongly positive. Complete healing of the ulcer and the biopsy wound 
oceurred in a few weeks under treatment. 
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DISCUSSION 


Several important questions arise in connection with these five cases 
of peripheral vascular disease in negroes: 1. Do they conform to the 
clinical and pathological criteria of thromboangiitis obliterans, or 
Buerger’s disease? 2. Are the patients full-blooded negroes? 3. May 
the cases not be instances of syphilitic vascular disease of the ex- 


tremities ? 

The clinical correlation of these cases with cases of thromboangiitis 
obliterans occurring in Caucasians is not so great as are the pathologi- 
cal similarities. Nevertheless, the clinical histories are not incom- 
patible with the diagnosis of that disease. All five patients were 
smokers, two of them more than moderate addicts of this habit. All 
were relatively young men. The history was one of chronic peripheral 
vascular disease in Cases 1, 4, and 5. Typical intermittent claudication 
occurred in two cases (Cases 4 and 5). The onset was acute in Case 
3, suggesting embolism, but was undoubtedly due to acute thrombosis 
superimposed upon asymptomatic, bilateral occlusive vascular disease. 
Gangrene of a toe was the first indication of such disease in Case 2. 
Evidence of old superficial phlebitis was present in Case 1. The cause 
for the episodes of gangrene was unexplained in Case 1; gangrene 
was thought to be provoked by cold weather in Case 2; the opening 
of an abscess immediately preceded the sudden onset of gangrene in 
Case 3; and partial removal of an ingrown toenail inaugurated super- 
ficial gangrene of that toe in Case 4. The gangrene in Case 1 was 
intermittent and bilateral ; in Case 2 it was subchronie and unilateral ; 
in Case 3 it was acute and unilateral; in Case 4 it was subchronic and 
bilateral, the gangrene in one foot being due to a surgical incision; 


and in Case 5 it was subacute and unilateral. Trophic changes were 
present in the fingers in Case 1. Buerger? and Brown, Allen and 


Mahorner* have described cases of thromboangiitis obliterans in Cau- 
casians presenting histories quite similar to those of these five cases. 

Physical examination gave incontrovertible evidence of bilateral and 
extensive occlusive vascular disease in the lower extremities in all five 
eases. Color changes are not easy to distinguish in negroes and were 
not prominent. The satisfactory arteriograms were typical of thrombo- 
angiitis obliterans as seen in the white race, and the oscillometric 
studies in two cases confirmed the closure of all large arteries bilater- 
ally. The nature of the gangrene in all cases was similar to that seen 
in thromboangiitis obliterans. 

Pathologically, all five cases were typical examples of the advanced 
stage of this disease. In three cases the veins were affected as well 
as the arteries. In the other two cases the dorsalis pedis artery only 
was studied by means of biopsy of this vessel. None of the lesions 
was in the active stage of the disease. All students of thromboangiitis 
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obliterans have commented upon the difficulty of obtaining vessels for 
study in this stage. Giant cells and purulent foci so characteristic of 
the acute stage as pointed out by Buerger? were consequently not seen 
in the sections in any of the cases. The lesions in the arteries were 
more suggestive of panarteritis than simple inflammation of the intima. 


The five patients were dark-skinned negroes. Their parents were all 
negroes. Four were certain they were full-blooded negroes, but one 
thought that possibly in a remote generation there had been some 
admixture of Caucasian blood. 

Syphilis has been excluded as a prominent or specific cause of Buer- 
ger’s disease. All five patients undoubtedly had, or had had, syphilis, 
but the incidence of this disease in negroes is so high that the asso- 
ciation of the two conditions may have been purely accidental. How- 
ever, since the etiology of thromboangiitis obliterans is unknown, it 
is possible that it is nonspecific and that in susceptible individuals 
various organisms might cause the condition. Although special studies 
did not reveal the spirochete, its absence is not sufficient to eliminate 
it as the pathogenic organism in the healed stage of vascular disease 
represented. 

Whether the form of vascular disease present in these five cases is 
ever due to syphilis is, however, doubtful, although Warthin* believed 
firmly in such a relationship. A perusal of such careful studies as 
those made by Druelle® and by Letulle, Heitz, and Magniel® leaves one 
skeptical of any definite connection between syphilis and peripheral 
vascular disease. Herrmann’ feels that syphilitic disease of the pe- 
ripheral arteries is not uncommon, but in the three cases he described 
pathological studies were not made. In the case of Smith and Pat- 
terson® the patient had syphilis, but the lesions of the vessels were 
those of thromboangiitis obliterans and were not suggestive of syph- 
ilitie arteritis. Certainly, in the five cases here reported the lesions 
are not suggestive of syphilis. However, it is conceivable that in 
susceptible individuals the toxins of the spirochete might produce such 
vascular lesions or even that the end stage of actual spirochetal in- 
vasion might present such a pathological picture. Pathologists do 
not recognize lesions of the medium-sized arteries as being due to 
syphilis, although syphilis of the large and the small arteries is well 


known (Conner®). 


SUMMARY AND CONCLUSIONS 


1. Five cases of peripheral vascular disease in negroes studied elini- 
eally and pathologically are reported as being instances of thrombo- 
angiitis obliterans, or Buerger’s disease. 

2. Pathologically proved cases of this disease in the negro have not 
previously been reported. 
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3. All five patients also had, or had had, syphilis, and the possible 
etiological connection is discussed. 
4. Buerger’s disease among negroes may not be so rare as has been 


supposed. 


Photomicrographs used to illustrate this paper were made at the Army Medical 
Museum, Washington, D. C., by Mr. Roy M. Reeve. 
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THE HEART FIFTEEN TO TWENTY YEARS AFTER 
SEVERE DIPHTHERIA* 


Pau. THompson, M.D., SHERMAN E. GoLpen, M.D., AND 
Pau. D. Wuirte, M.D. 
Boston, Mass. 


T IS well known to those familiar with the course of severe diph- 

theria that in this disease the heart sometimes suffers seriously 
and that actual heart failure may be the immediate cause of death, 
because of the damage to the myocardium and conduction system 
occurring in the second or third week or after convalescence has be- 
gun. When the heart is involved, various manifestations arise, among 
them restlessness, apathy, abdominal pain, vomiting, pallor, cyanosis, 
dilatation of the heart, dyspnea, gallop rhythm, engorgement of the 
liver, congestive heart failure, tachycardia, bradycardia, premature 
beats, and various grades of auriculoventricular and intraventricular 
block. Auricular fibrillation has also been deseribed.' 

The development of conduction disturbances during diphtheria has 
come to be regarded as a serious sign, pointing to an unfavorable out- 
come, although there are now a number of cases on record in which there 
seems to be no reasonable doubt that conduction disturbances have 
persisted for a year or two after recovery from diphtheria, and there 
are a few cases in which these changes have been permanent. 

The present study is concerned with the development of conduction 
disturbances some years after the diphtheria has passed, a subject that 
is controversial and about which little has been written. McCulloch? 
wrote in 1920 that he believed diphtheria may play an important réle 
in the development of chronic heart disease years after the diphtheria, 
but in support of his belief he presented no evidence. In 1927 Jones 
and White* published the results of their study of 100 young people 
who had had severe or moderately severe diphtheria five to eight years 
preceding their examination. They found neither clinical nor electro- 
cardiographie evidence of heart disease or conduction disturbances in 
any of their subjects. In 1930 Butler and Levine* published their 
findings in 20 cases of auriculoventricular block, 14 of them complete, 
in which none of the usual causes for such disturbance was apparent 
(rheumatic infection, digitalis, coronary disease). They found past 
histories of diphtheria in half of these cases, while only 6 per cent of 
600 consecutive surgical patients gave histories of diphtheria. They 
did not comment on the time relationship between the diphtheria and 

*From the Cardiac Laboratory of the Massachusetts General Hospital. 

tRead in abstract before the New England Heart Association, Boston, Nov. 9, 1936. 
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the development of the block, but assumed that it had been a late oc- 
currence, and concluded that diphtheria was probably the cause. 
Other than these papers, we have discovered no references to the de- 
velopment of conduction disturbances years after diphtheria. 


The present study is concerned with the same patients examined 
by Jones and White, 94 of whom we have been able to follow ten years 
after the previous study, and from fifteen to twenty years after the 
diphtheria. This group forms an ideal basis for the present study, 
inasmuch as we know that they did not have heart disease or conduc- 
tion disturbances ten years ago. If conduction disturbances are to 
develop as the result of the diphtheria, it seems reasonable to expect 
to find them now, after this additional period of time. Furthermore, 
this is an ideal time to study this group, for if more time is allowed 
to pass, coronary disease developing with increasing age may influence 
both auriculoventricular and intraventricular conduction. 


Among the original 100 individuals, we have been unable to locate 
6; 2 are known to be dead (one of rheumatic heart disease developed 
subsequent to the previous examination, and one of pneumonia) ; one 
is well according to his own statement, and 91* have been reexam- 
ined. The 91 persons whom we have reexamined are now from 
sixteen to forty-six years of age (one is sixteen years old, 8 are 
seventeen, 9 are eighteen, 11 are nineteen, 9 are twenty, 12 are twenty- 
one, 11 are twenty-two, 6 are twenty-three, 2 are twenty-four, 3 are 
twenty-five, 5 are twenty-six, one is twenty-seven, 2 are twenty-eight, 
3 are thirty, 1 is thirty-one, 1 is thirty-two, 1 is thirty-three, 1 is 
forty-two, 2 are forty-three, 1 is forty-four, and 1 is forty-six years 
old). The time that has elapsed since the diphtheria varies between 
fifteen and twenty-one years (fifteen years have elapsed in 31 cases, 
sixteen years in 36, seventeen years in 3, eighteen years in 15, nine- 
teen years in 3, and twenty-one years in one). Of these 91 persons, 
64 had had severe diphtheria, and 27, moderately severe diphtheria. 
All of them had been patients at the South Department of the Boston 
City Hospital, and the diphtheria in all had been proved both by 
culture and by elinical course. They were all young people at 
the time of the diphtheria, only 15 having been more than fifteen 
years of age. All but 7 of the patients severely ill received 24,000 
units or more of antitoxin, most of them having required 36,000 units 
or more. Those with moderately severe illness received from 12,000 
to 24,000 units. Twelve of the severe cases had been diagnosed ‘‘myo- 
carditis’’ at the time of the diphtheria, and many others gave some 
evidence of cardiac abnormality. The basis of the diagnosis of myo- 
carditis varied and was not always clear, for the descriptions of the 
findings included weak, muffled, split, or reduplicated heart sounds, 


*Our thanks are due to Dr, Gerald Flaum of the Third Medical Division at Belle- 
vue Hospital, New York, N. Y., who kindly examined one of the patients and obtained 
an electrocardiogram for us. 
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gallop rhythm, systolic murmurs, premature beats, and apparent en- 
largement of the heart. At any rate, all of the 64 severely ill patients 
ran toxie courses. Sixteen required intubation and 19 had some form of 
paralysis. The second group of 27 patients with moderately severe 
cases ran less serious courses, but they had almost as many functional 
heart findings. 

The follow-up study of Jones and White, conducted five to eight 
years after the diphtheria, included an after-history, a thorough exam- 
ination, and an electrocardiogram in each case. No clinical or elee- 
trocardiographic evidence of heart disease or heart-block was noted in 
any individual. 

We have conducted our present study along the same plan as that 
followed by Jones and White but have added fluoroscopic examination 
and orthodiagraphiec measurement of the heart. The present findings 
in the 91 patients reexamined are as follows: 

History.—Two patients gave histories of rheumatic fever which had 
occurred during the interval following the previous examination. An- 
other gave a history of hypertension which had been subsequently 
discovered and of hemiplegia lasting a few days. A fourth gave a 
history of toxemia of pregnancy followed by permanent hypertension. 
Other than these, all patients had remained essentially well and gave 
no histories suggesting heart disease. 

Examination.—1. Size of Heart: Only one heart was enlarged, either 
clinically or by fluoroscopic examination. This one instance was in a 
girl with rheumatic aortic and mitral valve deformity. 

2. Heart Rhythm: The only irregularities found were rare premature 
beats in six instances and sinus arrhythmia in 52 (5 patients showed 
both). 

3. Heart Murmurs: Two patients had the murmurs and other find- 
ings of rheumatic valvular disease (one of mitral stenosis and the other 
of mitral stenosis and aortic regurgitation). There were no others with 
diastolic murmurs. Forty patients had functional systolic murmurs, 
of which 18 had been present also at the time of the previous examina- 
tion. These murmurs were usually located in the pulmonary valve 
area or were maximal there, and they were usually heard only when 
the patient was recumbent. Most of them disappeared entirely on 
deep inspiration or were markedly diminished in intensity by this pro- 
eedure. In twelve cases in which murmurs were not heard, functional 
systolic murmurs had been described ten years before. 

4. Heart Sounds: As at the time of the previous examination, no 
weak or muffled sounds were heard, and none were obscured by mur- 
murs. Physiological third heart sounds were heard in 23 patients in 
their recent examinations; in 8 of these they had been heard ten years 
before as well. Third sounds were not heard in 19 of those in whom 
they had been heard before. 
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5. Blood Pressure: The blood pressure was normal in all but 2 
patients. Both of these had hypertension which had developed since 
the previous examination, and are the ones referred to above. 

6. Electrocardiographic Records: In three instances the P-R inter- 
val was as long as 0.2 see. In one of these there has been no change 
since the previous examination. In two there has been an increase in 
this length from previous measurements of 0.15 and 0.16 sec., respec- 
tively. 

In four instances the QRS complexes do not appear to be wholly 
normal in that they are either at the upper limit of normal in width 
(0.1 see.) or are slightly greater than this width. This finding is sug- 
gestive of some disturbance in intraventricular conduction because of 
the prominent or slurred S-waves which are present in Lead II in each 
instance (sometimes also in Leads I or III). It is particularly sig- 
nificant, however, that in only 2 cases does there appear to be any in- 
crease in this width as compared to that of ten years before, and even 
then the increase is very slight. This possible error in the previous 
report we now wish to note, although even today the electrocardio- 
grams are still only on the borderline between normal and abnormal. 
The three cases with P-R intervals of full length and the four with 
rather wide QRS complexes will be discussed in more detail subse- 
quently. 

7. Fluoroscopy and Orthodiagraphy: As mentioned under ‘‘ Heart 
Size,’’ the heart was abnormal in size or shape in only one ease. 

In addition to these 91 individuals, 9 more, not included in the 
follow-up ten years ago, have been added, so that the present total is 
again one hundred. These had diphtheria at the same time as the 
rest of the series, and were also patients at the Boston City Hospital. 
They are now from nineteen to thirty-one years of age (one is nine- 
teen years old, two each are twenty and twenty-two years old, and 
one each twenty-one, twenty-five, twenty-seven, and thirty-one years 
old). These cases were similar to our original group in severity of 
the infection, and a similar time has elapsed since the diphtheria. 
Among them, the heart is entirely normal in all cases, and there are 
no electrocardiographie abnormalities. 


SPECIAL CASES 
Group 1 (P-R Interval Measuring 0.2 Sec.) 


CasE 1A.—This patient, a boy, was admitted to the South Department of the 
Boston City Hospital in October, 1920, at the age of two years, the day following 
the onset of severe faucial diphtheria. He received 60,000 units of antitoxin. There 
were no abnormal heart findings. In July, 1926, at the age of seven years, he was 
severe pain in both ankles lasting thirty-six hours, but there had been no swelling 
and no other indications of rheumatic infection. The heart was found to be normal. 
examined by Jones and White. He gave the history that one year earlier he had had 
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In January, 1936, when he was seen for the present follow-up, he gave no further 
history suggesting rheumatic infection. The heart was not enlarged. There was a 
faint systolic murmur at the apex and a moderate one at the pulmonary valve 
area, both almost entirely dispelled by deep inspiration. The electrocardiograms 
taken in 1926 and in 1936 are shown in Fig. 14. In the first the P-R interval is 
about 0.19 to 0.2 sec. in length, and in the latter one 0.2. It is conceivable that the 
length of the P-R interval and the murmurs in this case are due to a minimal degree 
of rheumatic heart disease, but, regardless of the cause, there is no evidence of pro- 
gressive change during the time between the two electrocardiograms. 


Case 1B.—This patient is a girl who was admitted to the South Department in 
June, 1920, at the age of six years, two days after the onset of severe faucial diph- 
theria; 36,000 units of antitoxin were given. There was questionable slight en- 
largement of the heart; the heart sounds were good; there was a systolic murmur at 
the apex transmitted upward and, at times, slight irregularity of the heart. A 
palatal paralysis occurred. In June, 1926, at the age of twelve years, she was seen 
by Jones and White, who found the heart entirely normal and noted the presence of 
no murmurs. In February, 1936, at the age of twenty-two years, she gave a his- 


Fig. 1A. Fig. 1B. 


Fig. 1.—P-R intervals at the upper limit of normal in length. Lead II only is 
shown in each case. The electrocardiograms shown in the upper row were taken at 
the time of the previous examination ten years ago, those in the lower row at the 
time of the present examination. 


tory of good health in herself, but reported the occurrence of rheumatic fever in a 
sister. On examination the heart was normal in size. There was a rough systolic 
murmur of slight intensity at the pulmonary valve area, largely dispelled by in- 
spiration. At the apex a somewhat louder systolic murmur was heard, not increased 
by exercise, but there was no diastolic murmur. The electrocardiograms are shown 
in Fig. 1B. In the first the P-R interval is 0.156 sec. in length, and in the second 0.2. 
It is impossible to state the cause of this increase in the length of the P-R interval, 
but in a person with a systolic murmur not present before and with a family history 
of rheumatic fever, it cannot fairly be attributed to a progressive change resulting 


from the diphtheria. 


Case 1C.—A boy, aged five years, was admitted to the South Department in 
October, 1920, three days after the onset of severe faucial diphtheria. He was given 
70,000 units of antitoxin. There was a faint first heart sound, a faint systolic mur- 
mur at the apex, splitting of the second sound at the pulmonary valve area, and, 
for several days, a pulse as slow as 60 per minute. The size of the heart was normal. 
A diagnosis of diphtheritic myocarditis was made. In June, 1926, when he was 


Fig. 10. 
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eleven years old, he was seen by Jones and White, who found him to be in good 
health without heart disease or murmurs. In March, 1936, at the age of twenty 
years, he was seen for the present follow-up. He reported that he had been well, 
and no abnormalities were found on examination. The electrocardiograms are shown 
in Fig. 1C. In the first the P-R interval measures 0.15 sec., and in the latter 0.2 see. 
It is of interest that in both electrocardiograms there is a slight right axis devia- 
tion, in spite of the fact that the patient is rather stocky in build. Although there 
is no evidence of rheumatic heart disease or rheumatic infection, this change in the 
P-R interval cannot be unreservedly attributed to diphtheria. 


Group 2 (QRS Complexes of Full Width) 


Case 2A.—This patient is a negro girl who had moderately severe faucial diph- 
theria in October, 1919, at the age of five years. She was admitted to the Boston 
City Hospital the day after onset and was given 24,000 units of antitoxin. The 
apex of the heart was found to be 2 em. outside the midclavicular line, and there 
was a rough systolic murmur heard best at the apex and transmitted to the axilla. 
Six weeks later the murmur was described as soft. Two days following that there 
was no murmur, but the first sound was split. She was then discharged. When she 
was seen by Jones and White in August, 1926, at the age of twelve years, the heart 
was entirely normal, and no murmurs were heard. The electrocardiogram taken at 
that time is shown on the left of Fig. 24. It was reported as normal in the previous 
paper, but in the light of our present knowledge of the electrocardiogram, it must be 
looked upon with some doubt. In January, 1936, she was examined again, then at the 
age of twenty-two years. The findings were entirely normal, and there were no 
murmurs. The present electrocardiogram, shown on the right of Fig. 24, shows 
the same rather wide QRS complexes and the prominent S-wave in Lead II. 


Case 2B.—The patient was admitted to the Boston City Hospital in November, 
1920, at the age of four years, eight days after the onset of severe faucial and 
laryngeal diphtheria. She was given 40,000 units of antitoxin and 80 e.c. of con- 
valescent scarlet fever serum. No abnormalities in the heart were described. In 
December, 1926, at the age of ten years, she was seen by Jones and White, who 
found the heart normal, but noted a reduplication of the first sound at the apex 
and of the second sound at the base. The electrocardiogram, Fig. 2B, shows QRS 
complexes of full width and prominent S-waves in both Lead I and Lead II. In 
December, 1935, at the age of nineteen years, she was seen again. The heart was 
normal, and the reduplicated sounds of ten years before were not heard. In the 
present electrocardiogram there is a slight increase in the width of the QRS com- 
plexes in Lead II, with increased slurring. 


Case 2C.—A woman of twenty-five years was admitted to the hospital in January, 
1918, the day following the onset of severe faucial diphtheria; 48,000 units of anti- 
toxin were given. The heart sounds were good, and there were premature beats and 
a soft systolic murmur which was not transmitted. The apex of the heart was in 
the midclavicular line. A diagnosis of diphtheritic myocarditis was made. In 
June, 1926, Jones and White found her in good health and the heart normal. The 
electrocardiogram (Fig. 2C) shows QRS complexes on the borderline of normal in 
width. She was seen again in January, 1936, at the age of forty-three years, and 
was found to be in good health. The intensity of the first sound at the apex was 
somewhat diminished, and there was a very faint systolic murmur at the apex. The 
heart was transverse in position and normal in size by fluoroscopy. The electro- 
eardiogram (Fig. 2C) shows a slight increase in the width of the QRS complexes, 
slight slurring of the QRS in Lead II, and a rather prominent S-wave in Lead II. 
The low T-wave in Lead II and the inverted one in Lead III may be explained on 
the basis of the rather heavy build of the patient and the transverse position of the 


heart. 
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Case 2D.—The last case is that of a boy who was admitted in May, 1918, at the 
age of six years, two days after the onset of severe faucial diphtheria. He was 
given 48,000 units of antitoxin. The heart was normal in size, the sounds were 
good, and there was a slight apical systolic murmur which disappeared by the time 
of discharge. When he was seen by Jones and White in April, 1926, he was in good 
health, and the heart was entirely normal, no murmurs being present. The electro- 
eardiogram (Fig. 2D) shows QRS complexes in Lead II of full width and prominent 
S-waves in Leads I and II. He was seen again in December, 1935, then at the age 
of twenty-four years. He was well and the heart was normal, without murmurs. 


The electrocardiogram is essentially unchanged. 
SUMMARY AND CONCLUSIONS 


Among 100 persons who had severe or moderately severe diphtheria 
from fifteen to twenty years ago (91 of whom were examined ten years 
ago as well and reported previously by Jones and White), no clear in- 
stance of auriculoventricular or intraventricular block was found. There 
were three cases with auriculoventricular conduction at the upper limit 
of normal (P-R interval, 0.2 second) and four cases in which there is a 
possibility that there may have resulted a slight interference with intra- 
ventricular conduction. In two of the three former cases the P-R inter- 
val is greater than it was at the time of the previous follow-up examina- 
tion ten years before, and in the four latter cases the width of the QRS 
complexes is slightly greater in two cases than it was ten years before, 
but in no case is true abnormality a certainty. In two of the three 
cases with P-R intervals of 0.2 second, there was strong suspicion that 
there had been an intercurrent rheumatic infection. We conclude 
that, while there are acceptable cases of the development of disturbed 
conduction during the course of diphtheria and that in very rare cases 
the disturbance persists permanently, we have as yet no proof that 


it may develop some years after the illness.* 
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*It is planned to reexamine again in ten years the seven special cases noted above. 


ELEVATION OF RECTAL TEMPERATURE FOLLOWING 
MECHANICAL OBSTRUCTION TO THE PERIPHERAL 
CIRCULATION* 


J. Murray STEELE, M.D. 
New York, N. Y. 


T HAS been shown that fever accompanying heart failure with con- 
gestion may be an integral part of the condition.» * The evidence 
presented in support of this statement is as follows: 1. There is fre- 
quent close association between the two (fever and heart failure) when 
diseases known to occasion fever, such as pneumonia, coronary occlusion, 
or hyperthyroidism, are not found. The closeness of the association is 
still more clearly shown in two further common experiences. First, 
fever often subsides abruptly when digitalis is effective in relieving 
heart failure but is not influenced when it is given to an individual suf- 
fering from pneumonia. Second, it disappears when a paroxysm of 
tachyeardia, auricular flutter for example, accompanied by signs of 
mild heart failure and fever, ceases. 2. When fever accompanies an in- 
fectious disease, even in cardiac patients, the weight of the body tends 
to fall, whereas when fever accompanies uncomplicated heart failure, it 
increases. 3. In febrile diseases the average surface temperature is 
higher than normal and falls with fall in rectal temperature. In heart 
failure it is often lower than normal, but with improvement rises as the 
rectal temperature falls. A thermal gradient greater than normal has 
developed during heart failure. Since the distribution of heat within 
the body depends almost entirely upon the cireulation of blood, it fol- 
lows that failure to convey the usual quantity of heat to the periphery 
implies failure or slowing of the flow of blood to the surface. This can 
take place in two ways, either by diversion of flow from the surface 
(vasoconstriction) or as part of a general decrease in rate of flow. The 
latter is the usual situation in heart failure.* + 
From these observations it appears that under circumstances in which 
the peripheral circulation is slow, difficulty develops in distributing heat 
to the surface of the body where it can be lost. The present study at- 
tempts to estimate how great the diminution in peripheral flow must be 
before rectal temperature becomes elevated. The results show that a 
relatively short and mild obstruction of the circulation to the extremities 
is regularly followed by increase of rectal temperature in normal indi- 
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viduals and suggest that the rise in heart failure may often depend 


upon a comparable series of events. 


METHODS 


The subject was placed in bed 


The procedure employed in this study follows: 
A copper constantan thermo- 


in a room in which the temperature could be regulated. 
couple was attached by adhesive tape to the palm of the right hand; another was 
attached to the sole of the right foot; and a third, encased in a rubber catheter, 
was inserted deep (6 to 8 cm.) into the rectum. Blood pressure cuffs were then 
applied to each extremity just above the knees and elbows. A period of time 
(approximately an hour), sufficiently long to establish the fact that environmental 
conditions were such, for the particular subject, that the rectal temperature would 


View of camera 


Exploration 


Copper Constantan 


je ncvtion 


Fig. 1.—A simple diagram of the photographic arrangement is shown in the 
vertical plane. In the upper right corner is a view of the longitudinal slit in the 
bottom of the photographic box with the beams of light at right angles to the slit 
represented by dotted lines. In the left upper corner, the revolving drum is repre- 
sented as a circle within the square camera box (vertical section). 


fall slowly or remain level, was allowed to elapse. The cuffs were then quickly 
inflated to pressures within from 10 to 20 mm. Hg below or above diastolic pressure. 
The range of pressures used extended for the arms from 50 to 95 mm. and for the 
Pressure was maintained for from fifteen to forty-five minutes. 
Thermocouples were 


legs from 75 to 115. 
Two methods of recording the observations have been used. 


connected by suitable switches and resistances to a moving coil suspension galvanom- 
eter (Leeds and Northrup, Type R). The deflection of a beam of light was pro- 
jected from the mirror of the galvanometer through a lens of 1 meter focal length 
onto a ground glass scale. The beam of light was obtained from a single straight 
filament bulb (No. G. N. 1019-A, 0.5 amp., 3.5 volts, General Electric Co.). Read- 
ings were recorded every two to five minutes and charts were subsequently con- 
structed. Studies carried out in this fashion were begun in 1934, 
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More recently, the beams of light from the mirrors of three galvanometers (Leeds 
and Northrup, Type K) have been projected through a slit in an otherwise light- 
proof metal box onto photographie paper wrapped around an aluminum drum (Fig. 
1). The method is simple; a cylindrical lens is not required for the camera.* The 
photographic paper moves past the slit, which is only 0.5 mm, wide, within such 
a short distance of it that sufficient definition is obtained. The drum is rotated 
by a telecron motor coupled to reducing gears allowing, in the present apparatus, 
three speeds—2, 12 and 50 em. an hour. To furnish time lines the circuit of an 
ordinary electric light bulb is completed as often as required by electrical contacts 
on spindles of appropriate reducing gears driven by the same motor. For con- 
venience in following the progress of an experiment, a part of each beam may be 
deflected by a mirror onto an ordinary ground glass scale where its deflection is 
read as desired. Owing to the small changes brought about in the rectal tempera- 
ture by the procedures employed, the photographic method of making records has 
been of considerable value in establishing the nature and the regularity of the results. 


TABLE I 


THE EFrrect OF OBSTRUCTION TO THE CIRCULATION OF BLOOD IN THE EXTREMITIES 
UPON SURFACE AND REcTAL TEMPERATURES 


A short summary of the data is given, arranged in order of decreasing room 
temperatures. The variation in pressure used tends to obscure the effect of room 
temperature. With the exceptions of Cases 6 and 13, in which unusually low and 
high pressures were used, respectively, the rises of rectal temperature are greater 
and the falls in temperature of the extremities are smaller in the first six than in 
the last seven cases. 


RISE OF | FALL OF | FALL OF as. mooat 
RECTAL | HAND | FOOT PRES- 
CASE | NAME AGE |TEMPER-|TEMPER-|TEMPER-|SURE IN 
ATURE | ATURE | ATURE | CUFF* 
(°c) | (°c) | (20) SURE | ("C.) 
1 J.B. 40 0.25 0.8 0.8 60 -12 72 27.5 
70 -14 84 
2 D: Hi. 0.23 1.1 1.2 80 +12 68 26.5 
90 +10 80 
3 oO. C. 32 0.37 33 2.0 80 +12 68 26.0 
90 +10 80 
4 M. K. 35 0.25 1.8 2.4 90 22 68 26.0 
100 +18 82 
5 C. G. 0.22 0.7 1.3 50 -14 64 25.5 
60 -12 72 
6 C. G. 0.08 0.6 0.7 40 -30 70 25.0 
40 -35 85 
7 M. K, 0.18 1.6 2.8 80 +16 64 24.0 
90 +10 80 
8 W.S. 29 0.12 13 1.5 50 -10 60 24.0 
60 -12 72 
9 S. M. 35 0.13 1.8 3.1 70 - 2 68 23.0 
80 0 80 
10 C. E. 15 0.18 33 3.2 90 +28 62 22.0 
100 +26 74 
11 J.A. 52 0.17 1.9 3.0 110 +10 100 22.0 
120 +12 108 
12 M. K. 0.12 1.8 2.1 50 - 8 68 22.0 
60 -10 70 
13 S. M. 35 0.30 5.0 5.8 110 +40 70 22.0 
120 +36 84 


*The upper figures for each individual are for the arms; the lower, for the legs. 


*I am indebted to Dr. Ronald V. Christie, Assistant Director of the Medical Unit 
of the London Hospital, for suggesting the value of a narrow slit in place of the 
usual cylindrical lens. 
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RESULTS 


The results were in general uniform (Table I). In all instances 
(thirteen observations in nine individuals) the rectal temperature began 
to rise within eight minutes after raising the pressure in the cuffs and 
fell promptly on its release in nine of the fourteen tests. Even when 
the temperature did not return to the original level there was, none the 
less, a fall on release of pressure. The rise in rectal temperature was 
preceded by, and continued for a variable period of time during, the 
fall of temperatures at the surface. Conversely when the pressure in the 
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Fig. 2.—This chart is constructed from the recorded temperatures in the way 


described in the text as the first method. The striking changes in temperature which 
may be obtained by use of high pressures are well shown. Note the rapid drop in 
temperature of the groin following release of pressure in cuffs. The slow fall in the 
temperature of the abdomen and groin during the time pressure was being applied 
suggests pooling of blood in tne extremities and consequent decrease in the effective 
volume of circulating blood (Case 13, Table I). 
cuffs was released, a fall in rectal temperature followed, accompanied 
by a rise in surface temperature (Fig. 2). The pressures used in the 
cuffs in this instance were great (110 to 120 mm. Hg for arms and legs, 
respectively). It was soon found that such high pressures were not 
necessary. Because of the discomfort involved, this experiment was 
not repeated. One chart (Fig. 2) is shown as an example of the first 
method of recording the temperatures. So far as the aim of the present 
study is concerned, the less striking results which follow the applica- 
tion of lower pressures are of greater moment. 

Observations in which the pressure in the cuffs was above diastolic 


pressure differed from those in which it was below in degree only: when 


THE AMERICAN HEART JOURNAL 


Cuffs 


RT. 26.5° 
3-9-36 


3,10 PIT 430 


Fig. 3.—The curves in this figure as well as in Figs. 4 and 5 are rep:oduced from 
continuous photographic records of temperature obtained by the method described in 
the text. The ordinates for temperature are drawn in with India ink on the original 
records, from the calibration lines seen on the extreme right of the photographs. 


The rise of rectal temperature was, in this instance, occasioned by a pressure of 50 


mm. Hg in the arms, 60 mm. Hg in the legs, approximately 13 mm. less than diastolic 
pressure (Case 5, Table I). 
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Fig. 4.—The record exhibits the rather small rise in rectal temperature in com- 


Parison to the relatively large fall in surface temperature of the extremities often 
encountered at moderately low environmental temperatures (Case 9, Table I). 
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the pressure was above the diastolic level the effects were somewhat 
greater. Pressures as low as 40 and 50 mm. Hg gave rise, however, to 
small increases in rectal temperature (Fig. 3). 

If the room temperature is low (in the neighborhood of 22° C.) the 
extremities are cool and the vessels are contracted. Under these cireum- 
stances obstruction of the circulation decreases the loss of heat but little, 
and the rise of rectal temperature is, consequently, likely to be small 
(Fig. 4). If the temperature of the room is in the neighborhood of 24 
to 27° C., however, and the hands and the feet are warm, the rise in 
rectal temperature may be considerable although there is only a slight 
fall in surface temperature (Fig. 5). Under these conditions the rectal 
temperature tends to be exceedingly slow in falling after release of the 
obstruction to the peripheral circulation (Fig. 3). 


RT. 


Fig. 5.—The record of an observation carried out at a fairly high environmental 
temperature is shown. The rectal temperature does not return to its original level 
and the drop in surface temperatures of the extremities is rather small (Case l, 
Table I). The pressures in the cuffs were in this case 13 mm. Hg below diastolic 
pressure. A portion of the record was omitted because it was irrelevant. The begin- 


ning is included to show calibration and scales. 


The study of a few observations in which pressure was maintained 
for upwards of one-half hour develops a point of interest. The tempera- 
ture of the rectum stops rising after pressure has been applied for from 
fifteen to twenty minutes, and the new level is thereafter maintained. 
Although objective evidence of increase in loss of heat from parts of the 
body to which the circulation was not obstructed was not sought, the 
subjective sensations, warmth of face and chest, the rubor of these sur- 
faces, and the appearance of small beads of perspiration, appear to 
constitute ample evidence of increased effort to lose heat from these 
portions of the body. It seems clear that a new state of equilibrium 


has been reached. 
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COMMENT 


It was demonstrated long ago that complete stoppage of the cireula- 
tion gives rise promptly to increase of temperature in the interior of 
the body and that this takes place while the peripheral temperature is 
decreasing.® © 7 The present study demonstrates that even partial, in 
fact very mild, obstruction of relatively short duration to the cireula- 
tion of the extremities is promptly and regularly followed by a small 
rise in rectal temperature. The circumstances under which the observa- 
tions were carried out precluded the possibility of making quantitative 
estimations of the degree of slowing of the circulation to the extremities. 
The venous congestion and faintly eyanotie tinge which appeared dur- 
ing the latter part of the period in which the cuffs were inflated, seem, 
however, to indicate that a certain amount of slowing of the circulation 
took place. The slowing of the peripheral circulation which in these 
observations seems no greater in degree, and is obviously infinitely 
shorter in duration, than that which oceurs in heart failure is, none 
the less, sufficient to elevate slightly internal body temperature. 

The inference is, then, that the degree of slowing of the circulation 
often observed in individuals suffering from heart failure is capable of 
interfering with the loss of heat from the body to such an extent that 
elevation of the rectal temperature follows. There are, of course, rea- 
sons for believing that other more complex mechanisms frequently play 
a part in raising the temperature of the body in heart failure. Some 
of these reasons have been discussed in previous papers.” § 


SUMMARY 


1. A method of obtaining continuous records of temperature is de- 
scribed in which the movements of beams of light reflected from the 
mirrors of galvanometers connected to thermocouples are photographed. 

2. Relatively mild obstruction to the circulation of the extremities 
obtained by use of pressure cuffs about the arms and legs is followed 
promptly by rise in rectal temperature. 

3. In a warm environment, the rise of rectal temperature tends to be 
greater and the fall of surface temperature less than in a cool environ- 
ment. 

4. The results suggest that the relatively mild and short obstruction 
to peripheral circulation used in these observations brings about eleva- 
tion of rectal temperature and is consistent with the belief that eleva- 
tion of rectal temperature encountered in the course of heart failure 
may be due simply to slowing of the peripheral circulation. 
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HEART CHANGES AND PHYSIOLOGIC ADJUSTMENT IN 
HOOKWORM ANEMIA* 


Wi.uiaM B. Porter, M.D. 
RIcHMOND, VA. 


INTRODUCTION 


HEN a living organism is confronted with adverse conditions which 

threaten its physical fitness, there go into action mechanisms eal- 
culated to modify the harmful effects resulting therefrom. The suc- 
cess of these adjustment mechanisms is dependent upon many factors, 
but the length of time allowed for development is unquestionably the 
most essential factor in that suecess. The full establishment of these 
compensatory processes is realized in man, not in periods of months, but 
rather after the lapse of years. ; 

Much information is at hand which deals with the reaction of man to 
anemia, but the studies have been concerned with relatively acute re- 
ductions in the oxygen-carrying function of the blood; hence, the con- 
clusions are applicable in only a limited degree to the changes develop- 
‘ing in individuals with chronic anemia existing over periods of years. 
To comprehend fully this problem, it must be appreciated that the body 
functions as a corporate whole, bringing into play many quite different 
mechanisms each of which is required to lend only a little aid in the 
handling of the adverse situation. This study was conceived to deter- 
mine what factors contribute to the physiological adjustment occurring 
in anemia of varying degrees and duration and whether during the 
evolution of the compensatory processes there occur anatomical changes. 

A study of the reactions to a diminished oxygen-carrying capacity of 
the blood is immediately concerned not only with the amount of circulat- 
ing hemoglobin and the heart and vascular systems, but also with the 
pulmonary apparatus and finally with the tissue cells which are in con- 
stant need of varying quantities of oxygen. An effort was made to study 
as completely as the circumstances permitted both from a physiological 
and anatomical standpoint those organs and systems which are normally 
concerned with the problem of oxygen supply and distribution. 

The anemia associated with hookworm infestation offers an ideal type 
for study. It varies in intensity, duration, and rate of development, and 
may be relieved by medication without the introduction of measures 
which might confuse the observations. 


*From the Department of Medicine, Medical College of Virginia, Richmond, Va. 
The expense of this study was in part defrayed by a grant from the Valentine 
Research Fund. 
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Eighteen patients varying in age from six to forty-nine years were 
selected and placed in hospitals. These were chosen for the reason that 
they were free from other diseases which might be confusing. Two of 
the patients were infested with Necator americanus and sixteen with 
Ankylostoma duodenale. 

All patients remained in bed on the days physiological observations 
were made and at all times were confined to a ward. This restriction 
definitely standardized the kind and amount of physical activity. The 
blood pressure readings, venous pressure estimations, and rate of blood 
flow studies were done from three to four hours after the last meal. The 
vital lung capacity estimations were made on the days not concerned 
with other physiological studies. All of the recorded primary figures 
were obtained during the first week of observation and subsequently at 
weekly intervals, after the beginning of therapeutic measures caleulated 
to reduce the anemia. 


METHODS 


The arterial blood pressure was determined with the aid of a standard 
mercury manometer, the venous pressure by direct venipuncture, using 
the apparatus and technie of Moritz and von Tabora.' In the determina- 
tion of the vital capacity of the lungs, a calibrated spirometer was used. 
Measurements of the velocity of blood flow were made with the use of 
the eyanide method of Robb and Weiss.? Local novocaine anesthesia was 
used routinely. The effective dose of cyanide solution was determined 
by gradually increasing the amount and recording the quantity which 
would give regularly a reaction consisting of two to four active respira- 
tory cycles, and the final figure was considered standard for the individ- 
ual after three observations at half-hour intervals using the determined 
effective quantity. All blood studies were made by the same observer 
who used counting chambers and pipettes certified by the United States 
Bureau of Standards. The hemoglobin estimations were done with a 
Sahli hemometer standardized so that 14.5 gm. were equivalent to 100 
per cent (Wintrobe*). 

The heart size was determined at the beginning and at the end of the 
period of observation by the use of teleroentgenograms. These were 
standardized to constant chest diameters and the position of the dia- 
phragmatie level. The electrocardiograms were made under standard 
conditions at a central station and with the patients in the recumbent 
position. 

TREATMENT 


In 1929 it was observed that patients with hookworm disease could be 
relieved of all symptoms, including the anemia, without the use of anthel- 
mintices if they were placed on a diet rich in complete proteins, large 
amounts of iron, and liver extract (aqueous extracts). Subsequently 
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Rhoads, Castle, and their coworkers® have confirmed this observation and 
have indicated that iron in adequate quantities is the important effective 


agent. 

In this study all patients were given an adequate diet rich in complete 
proteins, ferrous sulphate 1 gm., and liver extracts (aqueous) 45 ©¢.c. 
daily, the amounts of iron and liver extract being proportioned to the 
hody size of the child patients. No anthelminties were given. 

In every instance there was prompt and progressive improvement in 
weight, subjective symptoms, and an increase in hemoglobin of approxi- 
mately 0.2 gm. per 100 ¢.c. per day. 


CASE REPORTS 


CasE 1.—D. P., a white female, aged six years, who complained of weakness, 
anorexia, fatigability, puffiness of the eyelids, and slight swelling of the feet, was 
admitted July 18, 1932. Pallor had been first noted during December, 1931. 

Physical examination showed a poorly nourished child who was very sluggish 
mentally and physically. Her weight on admission was 3944 pounds, which fell to 
36% pounds during the first week in the hospital and then progressively increased. 
She weighed 46 pounds when discharged on Sept. 14, 1932. 

There was marked pallor of the skin and mucous membranes and slight pitting 
edema of the ankles. The pulse was 129 per minute and rhythmic; blood pressure 
was systolic 108, diastolic 45. The veins were not abnormally distended and the 
jugulars pulsated at a normal level. Heart (Fig. 1): The first sound was loud and 
-booming in quality, and a loud systolic murmur was audible over the entire heart 
area. The second sounds were normal. The lungs were not unusual except for 
exaggerated puerile breath sounds throughout. 

Laboratory Data.—Hemoglobin in grams per 100 c.c., 2.8; erythrocytes in millions, 
1.54; leucocytes in thousands, 12.8. Feces: ova, Necator americanus, heavy infesta- 
tion. Electrocardiogram, Fig. 1. 


Case 2.—R. H., a white female aged eight years, who complained of extreme 
fatigability, precordial aching with effort, pallor, and edema of the feet and ankles, 


was admitted April 18, 1932. 

Physical examination showed a fairly well-nourished child, extremely sluggish 
mentally and physically, lying comfortably in bed showing no evidences of respiratory 
distress. The weight on admission was 41% pounds which fell to 35 pounds during 
the first week in the hospital, and then progressively increased. She weighed 48% 
pounds when discharged June 17, 1932. 

There was extreme pallor of the skin and the mucous membranes and pitting 
edema over the sacrum, feet, and ankles. The pulse was 127 per minute and rhythmic ; 
blood pressure was systolic 90, diastolic 50. The jugular veins were moderately dis- 
tended. Heart (Fig. 2): The first sound was booming in quality, and a loud systolic 
murmur was audible at the apex and base. The second pulmonic sound was definitely 
accentuated. Medium, moist rales were heard posteriorly over both lung bases. The 
respiratory rate was increased to 38 per minute; yet there was no apparent distress. 

Laboratory Data.—Hemoglobin in grams per 100 ¢.ec. 1.4; erythrocytes in millions, 
1.24; leucocytes in thousands 11.2. Feces: ova, Necator americanus. Serum proteins: 
albumin 2.1 gm. per cent; globulin 3.2 gm. per cent; cholesterol 118 mg. per 100 e.c. 
Electrocardiogram, Fig. 2. 
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CasE 3.—G. M., a native boy, aged ten years, who had no especial complaint, was 
admitted July 22, 1935. His parents complained that the child would not play and 
that his growth was slow. 
Physical examination revealed a poorly nourished boy who was very sluggish 
mentally and physically. His weight was 34 pounds. There was extreme pallor of 


Fig. 1.*—CASE 1. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 

GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 

DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
7/18 2.8 54.0% data incomplete 10.1 cm. 
9/13 11.9 44.9% 8.4 cm. 


Hlectrocardiogram: 


Sinus tachycardia, rate 112, otherwise normal. 


Fic. 2.—CASE 2. 
HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
4/18 1.4 58.8% data incomplete 12.3 cm. 
6/14 12.7 47.3% 9.9 cm. 


Hlectrocardiogram: 


*All figures are composed of the first and last teleroentgenograms; the latter is 


dotted line. 
centimeters of the first and the inside figures of the last teleroentgenogram. 


indicated by the 


Sinus tachycardia, rate 115, otherwise normal. 


measurements in 
The 
The figures 


The outside figures represent the 


hemoglobin values were obtained on the same day as the x-ray studies. 
and the cases bear identical numbers. 
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the skin and the mucous membranes. Arteries were normal. Pulse rate was 110 and 
rhythmic; blood pressure was systolic 110, diastolic 45. The veins were full, but 
the jugulars pulsated at a normal level. Heart (Fig. 3): The first sound was loud 
and booming, and there was an inconstant systolic murmur heard at the mitral area 
and at the left second costal cartilage. P, and A, were normal, The thorax was 
slightly emphysematous in shape. The lungs gave to a marked degree the phenomena 
of hyperfunctional inflation. 

Laboratory Data.—Hemoglobin in grams per 100 ¢.c., 3.6; erythrocytes in millions, 
2.42; leucocytes in thousands, 8.45. Feces: ova, Uncinaria americana and Ascaris 
lumbricoides. Serum proteins: albumin, 2.8 gm. per cent; globulin, 2.4 gm. per 
cent; cholesterol, 82 mg. per 100 e.c. Electrocardiogram, Fig. 3; vital capacity, 
Table IIT. 


Case 4.—L. M., a native boy, aged fifteen years, who complained of fatigability, 
vertigo, tinnitus, and pain under the lower substernal area and breathlessness with 
effort, was admitted July 2, 1935. He took part in no sports but did some domestic 


work. 


Fic. 3.—CASE 3. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
7/22 3.6 51.3% data incomplete 10.0 cm. 
8/14 11.3 51.3% 10.0 cm. 
Hlectrocardiogram: Sinus rhythm, rate 95, Ps inverted, Ts sharply inverted. 


Physical examination revealed a poorly nourished boy who was very sluggish 
mentally and physically. His weight was 64 pounds; height, 50 inches. There was 
marked pallor of the skin and mucous membranes. The arteries showed wide pulsa- 
tions. The pulse rate was 104 per minute and rhythmic; blood pressure was systolic 
105, diastolic 55. The veins were full, but the jugulars did not pulsate above a 
normal level. Heart (Fig. 4): The first sound was loud and booming in quality. 


There was an inconstant systolic murmur at the apex and base. P, and A, were 


normal, The thorax was markedly emphysematous in shape, but expansion was equal 
and normal. The lungs showed to a marked degree the phenomena of hyperfune- 
tional inflation. 

Laboratory Data.—Hemoglobin in grams per 100 c.c., 2.6; erythrocytes in millions, 
1.66; leucocytes in thousands, 7.7. Feces: ova, Uncinaria americana, heavy infesta- 
tion. Serum proteins: albumin, 4.1 gm. per cent; globulin, 1.2 gm. per cent; 
cholesterol, 100 mg. per 100 c.c. Electrocardiogram, Fig. 4; vital capacity, Table ITI. 
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CasE 5.—C. R., a native man, aged twenty-three years, who complained of weak- 
ness and blurred vision which began six weeks previously following an attack of 
diarrhea of three days’ duration, was admitted July 10, 1935. He had worked regu- 


larly as a laborer on a sugar cane farm, 


Fig. 4.—CASE 4. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
7/3 2.6 51.6% 9.5 em. 12.3 cm. 
8/13 11.8 46.7% 10.0 cm. 11.1 cm. 
Klectrocardiogram: Sinus tachycardia, rate 103, flat P-waves in Leads II and ITI, 
deep Q-wave in Lead III. 


Lead 
] 


Fig. 5.—CASE 5. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
7/10 6.9 48.9% 11.3 cm. 13.9 cm. 
8/16 9.5 43.8% 11.4 cm. 12.5 em. 


Hlectrocardiogram: Sinus rhythm, rate 79, electrical axis, left preponderance. 


Physical examination revealed a fairly well-nourished man who was sluggish 


mentally and physically. His weight was 127 pounds; height, 67 inches. Arteries 


were normal. Pulse rate was 58 and rhythmic; blood pressure was systolic 92, 


— 
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diastolic 45. The veins were normal. Heart (Fig. 5): The first and second sounds 
were normal, and there were no murmurs. The thorax was slightly emphysematous 
in shape; yet expansion was equal and normal. The lungs gave to a marked degree 
the phenomena of hyperfunctional inflation. 

Laboratory Data.—Hemoglobin in grams per 100 ¢.c. 6.9; erythrocytes in millions, 
2.16; leucocytes in thousands, 6.5. Feces: ova, Uncinaria americana. Serum 
proteins: albumin, 4.9 gm. per cent; globulin, 2.4 gm. per cent; cholesterol, 70 mg. 
per 100 c.c. Electrocardiogram, Fig. 5; vital capacity, Table ILI. 


CASE 6.—E. V., a native woman, aged twenty-three years, who complained of fatig- 
ability, aching in the legs and arms, headache, and vertigo, was admitted July 4, 
1935. She did the domestic work for a family of five. There were three living chil- 
dren. Two months previously she had an abortion with blood loss, but the quantity 
was not definitely stated. 

Physical examination revealed a poorly nourished woman who was very sluggish 
mentally and physically. Her weight was 87 pounds; her height, 63 inches. There 


Fic. 6.—CASE 6. 
HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 


7/4 4.0 50.8% 9.9 cm. 12.4 cm. 
7/31 8.9 44.2% 10.1 cm. 10.7 cm. 


Electrocardiogram: Sinus tachycardia, rate 100, P-R interval 0.21 sec., T: iso- 
electric, and T; inverted. 


was marked pallor of the skin and the mucous membranes. Arteries were normal. 
Pulse wave had a wide excursion, rate 74 per minute, and arrhythmic. Blood pressure 
was: systolic 130, diastolic 50. Heart (Fig. 6): The first sound was loud and there 
was an inconstant systolic murmur at the mitral area. The rhythm was interrupted 
by ‘‘dropped beats’’ every sixth to eighth cardiac cycle. The clinical evidence of 
heart-block lasted three days. A, and P, were normal. The thorax was slightly 
emphysematous in shape. The lungs gave to a marked degree the phenomena of 
hyperfunctional inflation. There was no edema. 

Laboratory Data.—Hemoglobin in grams per 100 ¢.c., 4.0; erythrocytes in millions, 
2.23; leucocytes in thousands, 5.65. Feces: ova, Uncinaria americana, heavy in- 
festation. Serum proteins: albumin 3.2 gm. per cent; globulin, 1.2 gm. per cent; 
cholesterol, 71 mg. per 100 ¢.c. Electrocardiogram, Fig. 6; vital capacity, Table III. 
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CasE 7.—C. A., a native man aged twenty-five years, who complained of vertigo, 
fatigability, palpitation, and substernal discomfort with effort, was admitted July 1, 
1935. He was employed as a laborer on a coffee farm, but had worked not more than 


half time during the past year. 


- 


Fic. 7.—CASE 7. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c, RATIO HODGES & EYSTER VERSE DIAMETER 
7/2 4.9 49.4% 10.4 cm. 13.0 cm. 
8/16 11.1 45.6% 10.6 cm. 12.0 cm. 
Hlectrocardiogram: Sinus tachycardia, rate 100, electrical axis, right preponder- 
ance, 


Fic. 8.—CASE 8. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 

GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 

DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
7/11 6.8 41.7% 10.4 cm. 11.7 cm. 
8/16 11.6 39.0% 10.5 cm. 11.0 cm. 


Llectrocardiogram: Sinus rhythm, rate 70, normal electrocardiogram. 
Physical examination revealed a reasonably well-nourished man who was very 
sluggish mentally and physically. His weight was 105 pounds; his height, 6644 
inches. The skin and the mucous membranes showed marked pallor. The arteries 
were normal. Pulse rate was 74 per minute and rhythmic. Pulse wave had a wide 
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excursion; blood pressure was systolic 124, diastolic 48. The veins were normal. 
Heart (Fig. 7): The first sound was loud and booming in quality. There was an 
inconstant systolic murmur at the apex and left second costal cartilage. P, and A, 
were normal. The thorax was slightly emphysematous in shape; yet expansion was 
equal and normal. The lungs gave to a slight degree the phenomena of hyper- 
functional inflation. 

Laboratory Data.—Hemoglobin in grams per 100 ¢.c., 4.9; erythrocytes in millions, 
2.73; leucocytes in thousands, 9.25. Feces: ova, Uncinaria americana, very heavy 
infestation. Serum proteins: albumin, 3.2 gm. per cent; globulin, 1.3 gm. per cent; 
cholesterol, 70.4 mg. per 100 ec. Electrocardiogram, Fig. 7; vital capacity, 


Table IIT. 


CASE 8.—A. A., a native man, aged twenty-eight years, who complained of vertigo 
and weakness, was admitted July 10, 1935. He had continued to work regularly as a 


laborer on a sugar cane farm. 


Fic. 9.—CASE 9. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 

7/4 3.7 50.4% 10.1 cm. 12.1 cm. 

8/12 10.7 47.5% 10.5 em. 11.4 cm. 


Klectrocardiogram: Sinus rhythm, rate 88, normal electrocardiogram. 


DATE 


Physical Examination.—The patient was a fairly well-nourished man who was 


His weight was 101 pounds; height, 64 


physically active but mentally sluggish. 
Arteries were 


inches. The skin and the mucous membranes showed moderate pallor. 
normal. Pulse rate was 62 per minute and rhythmic; blood pressure was systolic 110, 
diastolic 60. Veins were full, but the jugulars did not pulsate above a normal level. 
Heart (Fig. 8): There were no murmurs, and the first and second sounds were 
normal in quality and intensity. The thorax was slightly emphysematous in shape; 


yet expansion was equal and normal. The lungs gave to a moderate degree the 


phenomena of hyperfunctional inflation. 

Laboratory Data—Hemoglobin in grams per 100 ¢.c., 6.8; erythrocytes in millions, 
3.55; leucocytes in thousands, 5.20. Feces: ova, Uncinaria americana, and eysts 
of Endameba histolytica. Serum proteins: albumin, 2.2 gm. per cent; globulin, 2.9 


gm. per cent; cholesterol, 72 mg. per 100 ¢.c. Electrocardiogram, Fig. 8; vital ca 
pacity, Table III. 
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CasE 9.—R. A., a native woman, aged thirty years, who complained of fatigability, 
headache, vertigo, and substernal aching with active physical effort, was admitted 
July 3, 1935. She did all the domestic work for a family of five and occasionally 


worked in the field. 

Physical Examination.—She was a poorly nourished woman who was mentally and 
physically sluggish, but active in caring for patients on the ward. Her weight was 
86 pounds; height, 58 inches. Skin and mucous membranes showed marked pallor. 
Arteries were normal. Pulse was full, rate 64 per minute and rhythmic; blood 
pressure was systolic 110, diastolic 55. Veins were normal. Heart (Fig. 9): The 
first sound was loud, and there was an inconstant systolic murmur heard at the mitral 


area. A, and P, were normal. The thorax was definitely emphysematous in shape; 


yet expansion was equal and normal. 


Laboratory Data.—Hemoglobin in grams per 100 ¢.c., 3.7; erythrocytes in millions, 


2.6; leucocytes in thousands, 3.55. Feces: ova, Uncinaria americana, Serum 
2.2 gm. per cent; cholesterol, 60 mg. 


proteins: albumin, 4.1 gm. per cent; globulin, 2.2 


per 100 e.c. Electrocardiogram, Fig. 9; vital capacity, Table ITI. 


Fig. 10.—CASE 10. 
PREDICTED TRANS- 


HEMOGLOBIN, CARDIO- 


GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
7/13 3.4 50.0% 10.3 cm. 12.8 cm. 
8/15 10.1 41.6% 10.6 cm. 10.6 cm. 


Hlectrocardiogram: Sinus rhythm, rate 88, normal electrocardiogram. 


CASE 10.—T. D., a native woman, aged thirty-five years, who complained of head- 
ache, weakness, blurred vision, and breathlessness with effort, was admitted July 
12, 1935. She did all the domestic work for a family of five, but the above symptoms 
were made sufficiently severe by outside labor to prevent her from helping in the field. 

Physical Examination.—The patient was an undernourished woman who assisted 
patients on the ward but was mentally and physically sluggish. Her weight was 
86 pounds; height, 57 inches. Arteries were normal. Pulse rate was 84 per min- 
ute and rhythmic; blood pressure was systolic 100, diastolic 65. Veins were full and 
large, but the jugulars did not pulsate above a normal level. Heart (Fig. 10): 
The first sound was slightly increased in intensity, but there were no murmurs. 
A, was normal in quality and intensity; P, was slightly increased in intensity. 
The thorax was definitely emphysematous in shape; yet expansion was equal and 
normal. The lungs gave the phenomena of hyperfunctional inflation. 
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Laboratory Data.—Hemoglobin in grams per 100 c.c., 3.4; erythrocytes in mil- 
lions, 2.24; leucocytes in thousands, 4.5. Feces: ova, Uncinaria americana, Serum 


proteins: albumin, 3.8 gm. per cent; globulin, 1.8 gm. per cent; cholesterol, 96 mg. 
per 100 c.c. Electrocardiogram, Fig. 10; vital capacity, Table IIT. 


CASE 11.—A. D., a native woman aged thirty-five years, who complained of slight 
vertigo and headache induced by physical labor, was admitted July 22, 1935. Her 
disabilities were not sufficient to interfere with the domestic duties necessitated by 
a family consisting of a husband and eight living children. The youngest child 
was two years old, and the patient was then four months pregnant. 

Physical Examination.—The woman was moderately well nourished, physically 
active, but mentally sluggish. The skin and the mucous membranes were pale, 
and the skin was prematurely wrinkled. Her weight was 100 pounds; height, 57 
inches. Arteries were normal. Pulse rate was 78 per minute and rhythmic; blood 
pressure was systolic 118, diastolic 60. Veins were normal. Heart (Fig. 11): 
There was a systolic murmur heard at the mitral area and over the base in the 
recumbent position. A, and P, were normal. The vessels of the optic fundi were 


Fic. 11.—CASE 11. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c,. RATIO HODGES & EYSTER VERSE DIAMETER 


7/22 4.3 44.6% 10.9 cm. 11.6 cm. 
8/15 8.7 44.6% 10.9 cm. 11.6 cm. 


Hlectrocardiogram: Sinus tachycardia, rate 115, otherwise normal. 


normal. The thorax was emphysematous in shape, yet, expansion was equal and 
normal, The lungs gave the phenomena of hyperfunctional inflation. 

Laboratory Data.—Hemoglobin in grams per 100 e¢.c., 4.3; erythrocytes in mil- 
lions, 2.81; leucocytes in thousands, 5.51. Feces: ova, Uncinaria americana, Serum 
proteins: albumin, 3.2 gm. per cent; globulin, 2.1 gm. per cent; cholesterol, 105 
mg. per 100 e.c. Electrocardiogram, Fig. 11; vital capacity, Table ITI. 


CasE 12.—S. A., a native man, aged forty years, who complained of fatigability, 
tinnitus, headache and palpitation with effort was admitted July 10, 1935. He 
was usually constipated, but one year previously he had had diarrhea for three 
days. He worked regularly as a laborer on a coffee plantation. 

Physical Examination.—He was a poorly nourished but well-developed man who 
was very sluggish mentally and physically. His weight was 140 pounds; height, 67 
inches. The skin and mucous membranes showed marked pallor, and the skin was 
prematurely aged and wrinkled. The arteries showed slight sclerosis. Pulse wave 
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had a wide excursion, rate 64 per minute and rhythmic; blood pressure was systolic 
105, diastolic 55. The veins were very large and full, but the jugulars did not 
pulsate above a normal level. Heart (Fig. 12): The first sound was normal in 
quality and intensity. There was an inconstant systolic murmur heard at the 


= 


Fig. 12.—CASE 12. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 

GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 

DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
7/10 3.7 49.0% 11.6 cm. 15.6 cm. 
8/16 11.2 42.1% 11.8 cm. 13.4 cm. 


Klectrocardiogram: Sinus rhythm, rate 73, normal electrocardiogram. 


Fig. 13.—CASE 13. 
HEMOGLOBIN, CARDIO- PREDICTED TRANS- 


GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
7/10 4.3 47.6% 10.3 cm. 12.5 cm. 
8/16 10.8 41.2% 10.5 cm. 10.8 cm. 


normal electrocardiogram. 


Electrocardiogram: Sinus rhythm, rate 75, 


mitral area. A, and P, were normal. The lungs gave to a marked degree the 
phenomena of hyperfunctional inflation. There was slight pitting edema of the 
ankles. (There was a weight reduction of 6 pounds during the first week in the 


hospital due to edema loss.) 
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Laboratory Data.—Hemoglobin in grams per 100 ¢.¢., 3.7; erythrocytes in mil- 
lions, 2.19; leucocytes in thousands, 5.85. Feces: ova, Uncinaria americana, Tricho- 
cephalus dispar, and cysts of Endameba histolytica. Serum proteins: albumin, 1.8 
gm. per cent; globulin, 1.9 gm. per cent; cholesterol, 90 mg. per 100 ¢.c. Electro- 
eardiogram, Fig. 12; vital capacity, Table ITT. 


CasE 13.—J. V., a native man, aged forty-two, who complained of headache, 
vertigo, and edema of the ankles, was admitted July 10, 1935. He had been 
without work for two weeks, but before this he had worked regularly ten hours a 
day as a laborer on a coffee plantation. 

Physical Examination.—The man was poorly developed and undernourished and 
mentally and physically very sluggish. There was marked pallor of the skin and 
mucous membranes. His weight was 90 pounds; height, 61 inches. Arteries showed 
very slight sclerosis. Pulse had a wide excursion, rate 68 per minute and rhythmic; 
blood pressure, systolic 110, diastolic 60. The veins were large and full, but the 
jugulars did not pulsate above a normal level. Heart (Fig. 13): The first sound 
was increased in intensity at the apex, and there was an inconstant systolic murmur 
heard at the mitral area. A, was slightly amphoric in quality; P, was normal in 


Fic. 14.—CASE 14. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 


60.0% 11.3 cm. 17.2 cm. 


7/3 4.9 
7/29 death and autopsy 
Klectrocardiogram: Sinus rhythm, rate 70, electrical axis, left preponderance. 


quality and intensity. The thorax was markedly emphysematous in shape; yet ex- 
pansion was equal and normal. The lungs gave to a marked degree the phenomena 
of hyperfunctional inflation. There was slight pitting edema of the ankles. 

Laboratory Data.—Hemoglobin in grams per 100 c.c., 4.5; erythrocytes in mil- 
lions, 1.86; leucocytes in thousands, 8.3. Feces: ova, Uncinaria americana. Serum 
proteins: albumin, 1.4 gm. per cent; globulin, 2.1 gm. per cent; cholesterol, 83 mg. 
per 100 e.c. Electroecardiogram, Fig. 13; vital capacity, Table ITI. 


CasE 14.—M. &., a native man, aged forty-five years, who complained of tinnitus, 
breathlessness with fast walking, and fatigability, was admitted July 2, 1935. 
He stated that he fainted frequently. He had been regularly at work as a laborer 
on a farm from 7:00 A.M. until 4:30 P.M. with one hour’s rest at midday. He 
gave no history of any past illness except that at different intervals he had had 
chills which were promptly relieved by the taking of quinine. 
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Physical Examination.—The man was undernourished and mentally and physically 
very sluggish. His weight was 119 pounds; height, 64 inches. There was marked 
pallor of the skin and mucous membranes, and the skin was wrinkled and old in 
appearance. The arteries were soft and compressible. The pulse wave had a 
wide excursion, rate 56 per minute and rhythmic; blood pressure was systolic 118, 
diastolic 65. The veins were large and full but the jugulars did not pulsate above 
the normal level. Heart (Fig. 14): There were no thrills, and the sounds were 
normal. There was heard an inconstant systolic murmur when the patient was 
recumbent which disappeared when he sat up. A, and P, were equal and normal 
The thorax was markedly emphysematous in shape; yet 


in quality and intensity. 
The lungs gave to a marked degree the phenomena 


expansion was equal and normal. 
of hyperfunctional inflation. There was no edema. 

Laboratory Data.—Hemoglobin in grams per 100 c.c., 4.6; erythrocytes in mil- 
lions, 2.53; leucocytes in thousands, 3.8. Feces: ova, Uncinaria americana, Serum 
proteins: albumin, 4.04 gm. per cent; globulin, 1.4 gm. per cent; cholesterol, 90 
mg. per 100 c.c. Electrocardiogram, Fig. 14; vital capacity, Table IIT. 

The patient was put on the usual treatment, and he showed progressive and rapid 
improvement. His weight increased so that on July 19 it was 133 pounds and 
on July 23 it was 138% pounds without edema. The impression was that the 
patient was making rapid and satisfactory improvement, for the hemoglobin had 
increased to 6.3 gm. per 100 ¢.c. and the erythrocytes to 3.14 millions. The only 
significant changes noted on July 23 were that his pulse had become increasingly 
rapid and that the blood pressure had risen to systolic 140 and diastolic 112, even 
though he was confined to the ward and was spending most of the time recumbent 
on the bed. 

The next day it was noted that overnight he had become orthopneic, having 
developed marked signs of congestive heart failure, consisting of great distention 
of all the veins of the neck and extremities; moist rales were heard throughout 
both lungs; the liver edge was 5 em. below the costal margin and distinctly tender; 
and there was pitting edema of the ankles. Examination of the heart showed the 
rate to be 128 with a normal rhythm. The heart sounds were not unusual, and 
there was no gallop rhythm. The blood pressure was systolic 146 and diastolic 118. 
An electrocardiogram was made, and it showed no change in the QRS complex and a 
sinus tachycardia of 131 and was otherwise normal. It was evident that something 
had precipitated suddenly a very severe degree of heart failure of the congestive 
type. From July 24 to 29 he received intravenously six ampules of strophanthin 
and 0.5 gm. of powdered digitalis. On the night of July 25 a phlebotomy was 
done and 350 ¢.c. of blood were removed. On July 26 he showed much clinical 
improvement, and the phenomena of heart failure had lessened materially so that 
he could remain reasonably comfortable on a back rest. On the morning of July 29 
his clinical improvement was striking. He ate a normal breakfast, but twelve 
minutes after he finished his breakfast he died suddenly. 

Autopsy Report.—Gross: The specimen consisted of a human heart and a piece 
of the lungs. The fragment of lung measured 6 em. in length, 3 em. in width, and 
2 em, in thickness. It was covered by smooth glistening pleura, and the pulmonary 
parenchyma showed but slight congestion and edema only. The heart weighed 630 
gm. The right auricle formed the right upper outer anterior border of the heart. 
The right ventricle was moderately dilated and formed slightly more than two- 
thirds of the anterior surface. The epicardium overlying the conus presented an 
area of thickening 2.5 cm. in diameter. Elsewhere it was smooth and glistening. 
The epicardial fat was quite abundant. The myocardium was reddish brown and 
of normal consistence. No evidence of ‘‘tigering’’ was found. There was mod- 
erate hypertrophy and slight dilatation of all chambers. The dilatation was more 
pronounced in the conus portion of the right ventricle and the outflow tract of the 


~~ 
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left.. The papillary muscles were quite large, hypertrophied, and prominent. The 
trabeculae carneae were also large and prominent. The foramen ovale was closed. 
The endocardium of the right auricle was normal. The tricuspid ring was not 
dilated. The tricuspid valve showed no abnormalities. Hypertrophy of the right 
ventricle was equally pronounced as in the left. The pulmonic valve showed slight 
fenestration at the edges. The proximal portion of the pulmonic trunk was included 
and showed no abnormalities. In the distal portion of the outflow tract of the 
left ventricle there was slight patchy subendocardial fibrosis. The aortic valve 
showed pronounced fenestration at the edges. The mitral valve was essentially 
normal. The endocardium of the left auricle was slightly thickened and opaque. 
The coronary arteries arose just below the highest level of the aortic commissures ; 
they were quite straight and widely patent. In the proximal portion of the large 
branches occasional flat atheromatous plaques, which measured from 5 to 8 mm. 
in the main diameter, were found. Measurements: A 7, P 7, M 10, T 12, LV 1.5, 
RV 0.5 to 0.8 em. 

Microscopic: Right auricle: The muscle fibers were moderately hypertrophied. 
The striations of the fibers were considerably blurred, and the lipochrome pigment 
was not increased. The intervening stroma was slightly edematous. The section 
ineluded the right coronary artery, the intima of which was slightly and uniformly 
thickened. 

Right ventricle: Conus portion: The epicardium showed a mild sprinkling of 
round cells. At one point it was slightly thicker and revealed an increased number 
of vessels surrounded by a small amount of dense connective tissue, the seat of 
slight to moderate round cell infiltration. The myocardium showed moderate hyper- 
trophy of the muscle fibers, slight fatty infiltration, and slight edema of the stroma 
in part, as well as several small, widely separated foci of round cells. 

Middle of intraventricular septum: The endocardium showed a mild sprinkling 
of round cells. The descending branch of the left coronary artery showed very 
slight intimal thickening. Hypertrophy of the muscle fibers was not as pronounced. 
No changes of significance were found in the stroma. The striations of the fibers 
were considerably blurred and the lipochrome pigment was not increased. 

Left ventricle: Upper portion of the interventricular séptum beneath septum 
lucidum: The changes in the fibers were as before. The hypertrophy was pro- 
nounced. At one point there was a small area of replacement fibrosis, in part or 
completely, of some of the fibers, and at another area there was slight infiltration 
of the stroma by a small number of polymorphs and eosinophiles. 

Apex: Left ventricle: The stroma was slightly edematous and at one point 
showed infiltration by a few polymorphs, a few mononuclears, and several eosino- 
philes. The muscle fibers were considerably hypertrophied and showed blurring of 
the striations but no increase of lipochrome pigment. The epicardium showed a 
mild sprinkling of round cells. 

Anterolateral wall of right ventricle at middle: The epicardium showed a mild 
sprinkling of round cells. The muscle fibers were as before. In the stroma there 
were several small foci of round cell infiltration. There were also several small 
foci of replacement or interstitial fibrosis in the myocardium. 

Left auricle: There were several sharply defined foci of interstitial round cell 
infiltration of the myocardium, very slight hypertrophy of the muscle fibers and 
slight fatty infiltration of the myocardium. The endocardium was moderately 
thickened throughout, but showed no cellular infiltration. The stroma of the myo- 
eardium was slightly edematous. 

Aorta: The intima showed a few small areas of localized thickening. In the 
deeper portions of the media there were several small, endothelium-lined vessels 
surrounded by a small group of round cells and a few polymorphs. In the adventitia 
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PORTER : 


there was a large area of diffuse round cell infiltration. A small number of large 


mononuclear cells were admixed with these cells. 

Lungs (two sections): There was slight congestion, slight edema, slight thicken- 
ing of the wall of some of the alveoli, and a slight to moderate number of scat- 
tered ‘‘heart failure’’ cells. Some of the alveoli were collapsed, and a moderate 
number were slightly dilated. No significant changes were observed in the blood 
vessels. 

Conclusions: Cardiac hypertrophy; fibrosis of myocardium, slight; arteriosclero- 
sis of coronary arteries, slight; and chronic passive congestion of lung.* 


Case 15.—P. S., a native man, aged forty-five years, who complained of weak- 
ness and pain of two years’ duration located in a postoperative inguinal hernia 
sear, was admitted July 2, 1935. He had not worked since the operation, but fre- 
quently walked five to six miles to visit his sister. 

Physical Examination.—He was a fairly well-nourished man who was mentally 


The skin and mucous membranes showed moderate pallor. 


and physically sluggish. 
Pulse rate 


His weight was 132 pounds; height, 65 inches. Arteries were normal. 
was 66 per minute and rhythmic; blood pressure was systolic 120, diastolic 66. 


Fig. 15.—CASsE 15. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 

GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 

DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 
7/2 6.0 46.2% 11.7 cm. 12.7 cm. 
8/15 11.6 46.2% 12.1 cm. 12.7 cm. 


HKlectrocardiogram: Sinus rhythm, rate 79, normal electrocardiogram. 


Veins were normal. Heart (Fig. 15): There was a systolic murmur heard in 
recumbency at the mitral area. A, and P, were normal in quality and intensity. 
The thorax was slightly emphysematous in shape; yet expansion was equal and 


normal. The lungs gave to a slight degree the phenomena of hyperfunctional 


inflation. 

Laboratory Data.—Hemoglobin in grams per 100 c.c., 6.0; erythrocytes in mil- 
lions, 3.21; leucocytes in thousands, 6.6. Feces: ova, Uncinaria americana, and 
whipworm. Serum proteins: albumin, 3.4 gm. per cent; globulin, 1.9 gm. per cent; 
cholesterol, 111 mg. per 100 c.c. Electrocardiogram, Fig. 15; vital capacity, Table 


ITT. 


*l wish to acknowledge my indebtedness to Dr. Alberto Rivera, a member of the 
staff of the Department of Pathology of the School of Tropical Medicine, for his 
report on the pathological study of the heart, lungs and aorta of Patient 14 who 
died while under observation. 
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CasE 16.—A. R., a native woman aged forty-five years, who complained of 
vertigo, breathlessness, headache, and fatigue, was admitted July 3, 1935. She did 
all the domestic work for a family of eight. She was the mother of twelve chil- 
dren born at full term; seven were then living. 

Physical examination revealed a poorly nourished, physically active woman. The 
skin and the mucous membranes were pale, and the skin was prematurely wrinkled 
and aged. Arteries were normal. Pulse rate was 80 per minute and rhythmic; 
blood pressure was systolic 134, diastolic 80. Veins were normal. Heart (Fig. 16): 
There were no thrills and the sounds were normal. A, and P, were normal in 
quality and intensity. The vessels of the optic fundi were normal. The thorax 
was markedly emphysematous in shape; yet expansion was normal and equal. The 
lungs gave to a marked degree the phenomena of hyperfunctional inflation. 

Laboratory Data.—Hemoglobin in grams per 100 ¢.¢., 4.4; erythrocytes in mil- 
lions, 2.91; leucocytes in thousands, 4.1. Feces: ova, Uncinaria americana, Ascaris 
lumbricoides, and whipworm. Serum proteins: albumin, 5.2 gm. per cent; globulin, 
1.2 gm. per cent; cholesterol, 77 mg. per 100 ¢e.c. Electrocardiogram, Fig. 16; 
vital capacity, Table IIT. 


as3 Ne change 


Fig. 16.—CAsE 16. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 


7/3 4.4 51.0% 10.6 cm. 13.0 cm. 
8/15 12.1 51.0% 11.2 cm. 13.0 cm. 
Hlectrocardiogram: Sinus rhythm, rate 94, electrical axis, left preponderance, 


CasE 17.—S. M., a native man, aged forty-eight years, who complained of vertigo, 
weakness, epigastric distress, stiff joints, and recurrent diarrhea, was admitted 
July 2, 1935. His symptoms were of two years’ duration but had recently increased 
in severity. He worked as a laborer approximately half time on a sugar cane farm. 

Physical examination showed a poorly nourished, prematurely aged man who 
was mentally and physically sluggish. The skin and mucous membranes were pale. 
His weight was 123 pounds; height, 66 inches. Arteries were normal. Pulse rate 
was 74 per minute and rhythmic; blood pressure was systolic 116, diastolic 54. The 
veins were normal. Heart (Fig. 17): The first and second sounds were normal, 
and there were no murmurs. The thorax was slightly emphysematous in shape; yet 
expansion was normal and equal. The lungs gave to a slight degree the phenomena 
of hyperfunctional inflation. There was slight pitting edema of the ankles. 

Laboratory Data.—Hemoglobin in grams per 100 ¢.c., 6.5; erythrocytes in millions, 
2.47; leucocytes in thousands, 6.4. Feces: ova, Uncinaria americana, cysts of En- 
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dameba histolytica. Serum proteins: albumin 4.1 gm. per cent; globulin, 1.3 gm. 
per cent; cholesterol, 105 mg. per 100 ec. Electrocardiogram, Fig. 17; vital capac- 
ity, Table III. 

CASE 18.—J. M., a native man, aged forty-nine years, who complained of pains 
in the legs, fatigue, and substernal aching induced by physical effort, was admitted 


Fig. 17.—CASE 17. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE RATIO HODGES & EYSTER VERSE DIAMETER 


7/2 5 49.8% 11.2 cm. 14.9 cm. 
8/16 11.8 45.0% 11.5 cm. 13.5 em. 


Hlectrocardiogram: Sinus rhythm, rate 75, normal electrocardiogram. 


Lead 
I 


Ne change 


Fic. 18.—CASE 18. 


HEMOGLOBIN, CARDIO- PREDICTED TRANS- 
GM. PER THORACIC VERSE DIAMETER ACTUAL TRANS- 
DATE 100 c.c. RATIO HODGES & EYSTER VERSE DIAMETER 


7/4 4.4 56.8% 10.8 cm. 14.5 cm. 
8/15 11.8 56.8% 10.9 cm. 14.5 cm. 


Sinus rhythm, rate 85, electrical axis, left preponderance. 


Klectrocardiogram: 


July 4, 1935. The significance of the subjective complaints can be judged by the 
fact that he worked regularly ten hours a day as a laborer on a sugar cane farm. 

Physical Examination.—The patient was an undernourished prematurely aged 
man whose mental and physical reactions were sluggish. There was marked pallor 
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of the skin and mucous membranes. His weight was 99 pounds; height, 60 inches. 
Arteries were normal. The pulse wave had a wide excursion, rate 76 per minute 
and rhythmic; blood pressure was systolic 120, diastolic 65. The veins were large, 
but the jugulars did not pulsate above the normal level. Heart (Fig. 18): There 
was a loud systolic murmur heard at the mitral area, not influenced by posture, 
which murmur was transmitted toward the left axilla. A, and P, were normal. 
The vessels of the optic fundi were normal. The thorax was markedly emphysematous 
in shape; yet expansion was equal and normal. The lungs gave to a marked degree 
the phenomena of hyperfunctional inflation. 

Laboratory Data.—Hemoglobin in grams per 100 ¢.c., 4.4; erythrocytes in mil- 
lions, 2.3; leucocytes in thousands, 7.3. Feees: ova, Uncinaria americana, Serum 
proteins: albumin, 2.4 gm. per cent; globulin, 2.4 gm. per cent; cholesterol, 76 mg. 
per 100 c.c. Electrocardiogram, Fig. 18; vital capacity, Table IIT. 


SUMMARY OF OBSERVATIONS 


Pulse Rate (Table 1).—Patients 1 and 2, aged six and eight years, 
were heavily infested with the Necator americanus parasites which pro- 
duced an extreme anemia in a comparatively brief period. The average 
resting pulse rate in each of these children was 127 and 129, respectively, 
per minute. This rate fell gradually, reaching an average of 102 per 
minute when the hemoglobiii increased to 5 gm. per 100 ¢.c. and finally 
reaching a normal rate when the hemoglobin reached a level of 12 gm. 
per 100 ¢.c. Patients 3 and 4, aged ten and fifteen years, had moderate 
tachyeardia, 110 and 104 per minute, respectively, before treatment was 
begun. With these exceptions, one is impressed with the remarkably 
slow pulse rates in spite of the degree of anemia. The average resting 
pulse rate before treatment was 73 per minute, and at the conclusion of 
the period of observation it was 67 per minute. 

Venous Pressure (Table I1).—Without an exception the venous pres- 
sures were normal, and there was no significant change in the height of 
the pressures at the beginning and at the conclusion of the period of 
observation. This is in confirmation of the clinical observations, for, 
though the superficial veins appeared full and in many instances ab- 
normally great in size, they did not pulsate at abnormal levels nor fail 
to empty when brought to the level of the right auricle. 

Arterial Blood Pressure (Table I).—The systolie and diastolic blood 
pressures were all low normals before treatment was started. The lowest 
systolic pressure was 95 mm. Hg, and the highest systolic pressure was 
130 mm. Hg. The lowest diastolic pressure was 45 mm. Hg, and the 
highest diastolic pressure was 80 mm. Hg. There was a rise of the 
systolic blood pressure varying from 11 to 41 mm. in six subjects. The 
diastolic blood pressure increased more than 5 mm. in eleven and in- 
creased 5 mm. or less in five. The most significant change in the blood 
pressure occurred in Case 14, with a rise of the systolic pressure from 
118 to 146 and the diastolic pressure from 65 to 118 mm., and in Case 16, 
with a rise of the systolic pressure from 130 to 165 and the diastolic 
pressure from 80 to 105 mm. 
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Circulation Time (Table I).—Cases 1 and 2 were not recorded. The 
other sixteen patients were first studied after resting in bed in the hos- 
pital for periods varying from twenty-four to thirty-six hours. Each 
recorded rate of circulation time represents the average result obtained 
from two or more observations after the effective dose for each patient 
had been previously determined. The arm-to-carotid reaction time of 
eyanide in normal subjects recorded by previous observers? varied from 
9 to 21 sec., the average time being 15.6 see. The erude pulmonary reae- 
tion time in normal subjects averaged 10.6 see., ranging from 7 to 14 
see. In this study the arm-to-carotid reaction time varied from 10 to 
22 sec., the average time being 16.2 sec., and the crude pulmonary reae- 
tion time varied from 6 to 15 see., the average being 10.3 see. At the 
completion of the period of observation, when the hemoglobin had in- 
creased from an average of 4.6 gm. per 100 ¢.c. to 10.8 gm. per 100 e.c., 
the arm-to-carotid reaction time varied from 14.2 see. to 20 see., the 
average being 17.4 see.; and the crude pulmonary reaction time varied 
from 9 to 15.4 see., the average being 12.2 see. 

The optimal dose of cyanide per kilogram of body weight recorded by 
previous observers? for normal subjects, arm-to-carotid route, varied 
from 0.07 to 0.19 mg., the average being 0.11 mg. The same observers 
noted that a dose sufficient to produce an abrupt, definite stimulation of 
respiration was constant in its effect and time of reaction. In this study 
the dose was increased until the reaction was definite, and the time of 
reaction constant and within the limits of not more than one second 
variation. In this group of subjects the optimal dose of cyanide, arm-to- 
carotid route, varied from 0.084 to 0.224 mg., the average being 0.144 mg. 
per kilogram. If one omits from the calculations of the average Cases 3 
and 7, the figure for the optimal dose of cyanide is 0.151 mg. per kilo- 
gram. This omission is desirable to gain a true picture of the situation 
in chronie anemia because of the age of the patient in Case 3 and the 
rapid development of anemia in the patient in Case 7, resulting from 
extreme food deficiency. 

Reaction to Exercise (Table I1).—The reaction of the rate of blood 
flow, arterial blood pressure, and pulse rate to exercise was tested in 
fifteen patients after they had improved sufficiently for them to submit 
willingly to active physical effort and when the hemoglobin was at an 
average level of 7.1 gm. per 100 ¢.c. of blood. The exercise consisted of 
walking thirty feet on the level and then down and up twenty-six steps 
and back to the starting point. The pace was standardized by a trained 
assistant who set the speed at an average walking gait. The significant 
fact brought out by this observation is that exercise definitely increases 
the rate of blood flow, the systolic blood pressure, and the pulse rate. 
The average increase in rate of blood flow was 5.1 sec., or 31 per cent for 
the systolic blood pressure, 12 mm. Hg; and for the pulse rate, 23 beats 
per minute. 
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Pulmonary Apparatus—In the ease reports it is noted that the 
thoraces were emphysematous in shape and that the lungs presented the 
phenomena of compensatory inflation in varying degrees in all of the 
subjects. These were very striking physical findings and were similar 
in character to the thoracic shape noted in true emphysema; yet the 
breath sounds were identical in character with those observed over the 
normal lung in unilateral pneumonia or pleural effusion. The deserip- 
tive term ‘‘phenomena of compensatory hyperventilation’’ accurately 
designates the true significance of these phenomena. The physical find- 
ings are of peculiar interest for they are similar in character to those 


TABLE II 


REACTION TO EXERCISE 


BASILIC BLOOD BLOOD PRESSURE — HEMO- 

oe FLOW RATE SYSTOLIC DIASTOLIC asc GLOBIN 

: GM. PER 

rp BEFORE | AFTER | BEFORE AFTER | BEFORE |AFTER |100 
3 11.4 6.2 105 112 50 55 105 132 6.9 
+ 12.6 7.4 115 120 60 * 55 80 110 4.9 
5 16.0 13.5 95 110 55 60 64 78 6.8 
6 15.4 9.0 130 135 65 75 88 98 6.9 
7 16.6 12.5 122 132 60 56 64 88 7.2 
8 17.2 12.6 95 115 65 60 60 89 7.8 
9 15.2 9.4 125 140 62 65 71 82 7.8 
10 16.0 11.4 100 105 65 65 84 106 7.8 
11 14.5 8.2 120 145 65 70 88 132 7.1 
* 12 20.0 14.5 146 148 82 80 44 82 7.2 
13 17.5 14.6 125 135 78 80 58 100 6.5 
15 16.4 11.8 105 120 58 65 78 92 7.5 
16 16.4 10.6 160 170 95 100 92 120 7.5 
17 18.6 14.5 128 130 75 80 72 81 7.2 
18 17.0 12.6 120 155 70 75 62 68 7.8 
Aver- 16.4 11.3 119 131 67 69 74 97 7.1 

age 


noted by Bareroft® in the Cholos living at high altitudes in the Andes 
Mountains, where oxygen tension of the atmosphere is markedly lowered. 
He emphasizes the fact that the chests of these natives are large and 
deep and markedly emphysematous in appearance. He compares the 
chest width of the natives with the members of his expedition by divid- 
ing the mean chest measurements in centimeters of x-ray films of the 
thorax by the height of the body in centimeters, and by multiplying the 
resulting figure by 100. The percentage ratio for the members of the 
expedition was 15 em. and for the natives, 16.7 em. A similar ratio 
calculated for this group of patients shows the average percentage to be 
17.4 em. (Table IIT). 

Barcroft® and his associates did not estimate the vital lung capacity of 
the Cholo natives; yet he concluded, ‘‘That a greater quantity of air 
ventilates the lung at high altitudes than at low ones seems to be beyond 
doubt.’’ In this study spirometer estimations of vital capacity were 
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made routinely on all patients except in Cases 1 and 2. In calculating 
the normal vital capacity the expired air volume of 2,376 ¢.c. per square 
meter of body surface’ was used, and the same value was chosen for both 
male and female subjects for the reason that the native Puerto Rican 
woman engages in a considerable amount of physical labor. In every 
instance the vital lung capacity (Table III) was greater than the caleu- 
lated normal, with the exception of Cases 6 and 14. In Case 6 the pro- 
cedure invariably caused in the patient an emotional disturbance; while 
in Case 14 the patient had an extreme degree of cardiac hypertrophy 
(630 gm.), which mechanically lessened vital capacity. 


TABLE III 


ViTAL LUNG CAPACITIES AND CHEST-HEIGHT PERCENTAGE RATIOS 


MEAN CHEST MEAS- 


VITAL CAPACITY ; UREMENTS FROM 
CASE X-RAY FILMS PER 
PREDICTED OBSERVED ci ca 100 cM. OF 
(C.C.) HEIGHT 
3 1,591 1,680 110.0 19.5 ate 
4 2,352 2,800 125.0 23.8 19.04 
5 3,944 4,600 167.5 28.5 17.01 
6 3,231 3,120 187.5 24.2 15.36 
ig 3,611 3,950 166.3 26.3 15.81 
8 3,445 4,750 160.0 28.0 17.50 
9 2,620 2,740 145.0 24.0 16.55 
10 2,970 3,750 142.5 26.0 18.24 
11 3,112 3,550 142.5 26.0 18.24 
12 4,086 5,100 167.5 31.8 18.98 
13 3,183 3,900 152.5 26.2 17.18 
14 3,706 3,400 160.0 28.3 17.68 
15 3,944 4,400 162.5 27.5 16.92 
16 2,580 2,650 147.5 25.3 17.15 
17 3,872 4,150 165.0 30.0 18.18 
18 3,256 3,460 150.0 25.5 17.00 
Average 3,219 3,625 151.3 26.1 17.41 


Heart Size.—The size and the contour of the heart were determined 
with the aid of teleroentgenograms taken with the subject in the erect 
position. Two or more studies were made on each patient. Each figure 
is composed of the first and the last teleroentgenograms, the latter being 
superimposed on the first and being indicated by the dotted line. As 
some degree of accuracy is sacrificed by the adoption of this technic for 
illustrative purposes, each figure is accompanied by the actual measure- 
ments of the original. 

In estimating the size of the heart, the transverse diameter of the 
cardiac silhouette has been ealeulated by both Danzer’s cardiothoracic 
ratio,’ and the prediction formula of Hodges and Eyster.® 

That the cardiothoracic ratio could not be used with eustomary con- 
fidence because of the increase of the transverse thoracic diameter exist- 
ing in these subjects became apparent at the beginning of the study; 
yet the measurements show that 10, or 55.5 per cent, had ratios of 50 per 
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cent or more. Of the eight subjects having a cardiothoracic ratio of less 
than 50 per cent, six showed a reduction of the ratio, indicating that the 
heart had become smaller and confirming the unreliability of this method 
of estimating normal heart size. 

Hodges and Eyster® concluded that the chances are three to one favor- 
ing pathological increase in heart size when the transverse diameter is 
wider than the predicted diameter by more than 0.5 em. Bainton’® has 
recently evaluated the prediction formula of Hodges and Eyster® and 
concluded that an increase of the transverse diameter of more than 1 em. 
than the predicted normal indicated an enlarged heart. 

In three of the patients (Cases 1, 2, and 3) the formula was not ap- 
plicable because of the age and size of the patients, but in each of these 
the cardiothoracic ratio was so great—51.3 per cent, 54 per cent, and 
58.8 per cent, respectively—that there can be no question of the exist- 
ence of cardiac enlargement. In the remaining fifteen patients the trans- 
verse diameter was more than 1 em. greater than the predicted normal 
in 100 per cent, with an average increase of 2.6 em. 

At the completion of the period of observation the transverse diameter 

remained larger by an average of 1.6 em. than the predicted normal in 
8 patients, larger by 0.5 em. to 1 em. in 5, and unchanged in 5. Included 
in the unchanged group is Case 3 with a eardiothoracie ratio of 51.3 per 
cent, with the result that a total of nine cases remain with hearts 
significantly greater in size than the predicted normal. 
Electrocardiograms.*—There occurred significant changes in the elec- 
trocardiogram in seven patients, or 38.8 per cent. In Case 3 (Fig. 3) 
there was an inverted P, and a sharply inverted T,. The electrocardio- 
gram remained unchanged; nevertheless the anemia was promptly re- 
lieved, and general clinical improvement was striking. The heart also 
remained unchanged in size which condition is contrary to the usual re- 
action noted in the other children studied. The probability of the exist- 
ence of a congenital factor appears to be the most likely explanation for 
the persistence of the observed departure from the normal. 

The patient in Case 6 (Fig. 6) had a prolonged P-R interval, 0.21 sec., 
and an inverted T, and T,; ‘‘dropped’’ beats were clinically observed 
but were not recorded graphically. Through omission the electrocardio- 
gram was not repeated, but the degree of heart-block lessened, for 
‘‘dropped’’ beats were not noted clinically after the third day in the 
hospital. An unexplained fever of three days’ duration was probably 
connected with the occurrence of heart muscle changes which temporar- 
ily impaired auriculoventricular conduction. 

The patient in Case 7 (Fig. 7) showed an electrical axis indicating a 
right ventricular preponderance. There were no demonstrable pulmonic 
or cardiac lesions which might explain the electrocardiographie changes. 


*The first electrocardiogram taken is used in the illustrations as no changes 
occurred with clinical improvement except reduction in heart rate. 
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The patients in Cases 5 (Fig. 5), 14 (Fig. 14), 16 (Fig. 16) and 18 
(Fig. 18) showed electrical axes indicating left ventricular preponder- 
ance. These patients had an average increase in heart size of 3.8 em. 
above the predicted normal, and in only one case—Case 5—was there a 
reduction in size following the relief of the anemia and clinical symp- 
toms of hookworm disease. 


DISCUSSION 


When reserve mechanisms are required to meet average metabolic 
needs, the perfection of physiological integrity is immediately com- 
promised. Compensation is never perfect, but it most nearly approxi- 
mates perfection when the whole organism distributes evenly the burden 
of adjustment so that no one structure is more vulnerable than another. 


An analysis of the data collected during this study shows that the 
ability of individuals having chronic parasitic anemia to accomplish a 
surprising amount of physical work with reasonable comfort and effi- 
ciency is due to many adjustment mechanisms widely distributed over 
those structures concerned with internal and external respiration. 

There was an average increase of 12.7 per cent in the vital lung ea- 
pacity which made possible efficient and adequate external respiration 
with a minimum range of respiratory effort and energy requirement. A 
greater amount of sodium eyanide was required to stimulate respiration 
than is necessary for normal individuals. This may be interpreted as in- 
dieating that the metabolic stimulants of respiration must accumulate in 
the blood of these individuals in higher coneentration before there re- 
sults an acceleration of and an increased depth in breathing. This les- 
sened sensitivity of the central control of respiration operating in con- 
junction with an increased ventilating capacity of the lungs represents 
an especially useful integration of compensatory developments. 

The velocity of blood flow in these patients was not increased when ob- 
servations were done under conditions of rest. This is at varianee with 
the findings of Fahr and Ronzone," for they concluded that an increased 
rate of blood flow was the outstanding compensatory mechanism in 
severe anemias. It is to be appreciated that an increase in the velocity 
of blood flow is only one of the mechanisms available for augmenting 
the volume of circulating blood to a given area. The opening up of ad- 
ditional capillaries, which increases the effective cross-section of the 
vascular tubing, is an even more usual mechanism and one which is con- 
stantly recurring in the normal person to meet increased local demands 
for blood. It is brought into operation by chemical stimuli locally 
formed as a result of changes in local metabolism, the stimulus arising 
from the physiological need for more oxygen either when metabolism is 
increased or when oxygen want occurs. The evidence points to the con- 
elusion that, under conditions of rest, the greater blood volume to the 
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vital areas necessitated by the reduced oxygen-carrying capacity of the 
blood was in part accomplished in these patients by an increase in the 
number of functioning capillaries rather than an increase in the velocity 
of blood flow. 

When they were exercised, the mechanisms operating in relatively 
acute anemias became active in meeting the inereased demands of in- 
ternal respiration. There was an average increase of 31 per cent in the 
rate of blood flow from the basilie vein to the carotid sinus. There was 
an average increase of the systolic blood pressure of 12 mm. Hg, without 
a corresponding increase in the diastolic blood pressure, indicating an 
augmented stroke volume which, in conjunction with an average increase 
in the pulse rate of 23 per minute, contributed jointly with the accele- 
rated blood velocity toward bringing about a great increase in cireulat- 
ing blood volume. The fact that the diastolic blood pressures were rela- 
tively low and remained so after exercise indicates that the arterioles 
were dilated, and this explains the vascular mechanism which operated 
in supplying the necessary blood volume to the increased number of 
functioning capillaries. 

The degree of pallor of the skin and mucous membranes oceurring in 
hookworm anemia is too marked to be accounted for by the reduction in 
hemoglobin. It suggests that there is a reduction of the number of open 
capillaries in the surface areas, and a consequent shunting of the blood 
to the vascular beds of the internal structures. The observations of 
Stewart,'? who showed that the peripheral volume flow was diminished, 
and of Fahr and Ronzone,'' who showed that there was a lessening in 
caliber of the skin capillaries in severe anemias, lend support to the con- 
cept of a selective distribution of blood as aiding these individuals in 
solving their metabolic requirements for oxygen in the vital areas. 

It was observed that the quantity of sodium cyanide per kilogram of 
body weight effective in producing respiratory stimulation was increased 
from the normal average of 0.111 mg. to 0.151 mg. (Cases 3 and 7 not 
included for obvious reasons). One may conclude from this evidence 
that in chronie anemia the tissues of the carotid sinus develop increased 
tolerance to the oxygen want caused by sodium cyanide. If this be true 
for the highly specialized centers of respiratory control, it is more than 
probable that less specialized tissues throughout the body are even more 
completely acclimatized to reduced oxygen supply. 

The outstanding anatomical change occurring in parasitic anemia is 
cardiac enlargement. In this study there was found an increase in heart 
size in 100 per cent of the patients. The data indicate that the change 
in heart size was, in a few patients, due to reducible dilatation, in others 
to dilatation and hypertrophy, and in a third group to definite hyper- 
trophy unassociated with reducible dilatation. 


> 
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The earliest observations on the heart in anemia deal with cases of 
chlorotic anemia. Irvine'* (1877) and Barrs'* (1891) describe the oc- 
eurrence of bruits in chlorotic individuals which were attributed to 
eardiae dilatation. Hersman’® (1893) described murmurs which disap- 
peared with a cure of the anemia, and Gautier’® (1899) recorded his ob- 
servations in 22 eases of chlorosis and found by percussion cardiac en- 
largement in 20. Cabot and Richardson’? (1919) found eardiae hyper- 
trophy in patients dying of pernicious anemia, in whom no other factor 
existed to account for the enlargement. 

Goldstein and Boas'® (1927) noted the occurrence of a functional 
diastolic murmur and cardiae enlargement in severe anemia. They con- 
clude that cardiac dilatation as well as hypertrophy occurs not only in 
pernicious anemia, but also in severe secondary anemia. 

Ball’® (1931) was apparently the first to record a case of severe anemia 
studied with the aid of a teleroentgenogram, recording a reduction in 
heart size with the relief of anemia. Recently Bouchut and Froment?° 
have emphasized the occurrence of cardiac hypertrophy in pernicious 
anemia. They attribute the changes to an increase in heart work re- 
sulting from the increase in the amount of blood passing through the 
heart per minute. They conclude that the primary compensating mech- 
anism is cardiae dilatation but that hypertrophy supervenes if the 
anemia is of sufficient duration and severity. 

Lunde and Schueller?! (1910) produced eardiae enlargement in dogs 
by rendering the animals anemic, and Forman and Daniels”? (1930), 
while studying the effect of certain foods on anemia in rats, observed 
that the hearts of those having low hemoglobin values were considerably 
larger than the hearts of normal animals. The heart weights of animals 
with hemoglobin values from 11 gm. to 14 gm. per 100 ¢.e. of blood were 
normal. When the hemoglobin values fell to 10 gm., the hearts were 
slightly hypertrophied; this became more marked as the degree of 
anemia increased. At the very low hemoglobin levels, from 2 gm. to 3 
gm. per 100 ¢.c., the heart weights averaged approximately three times 
those of normal animals. 

It is evident, therefore, that cardiac enlargement, dilatation, and even- 
tually hypertrophy occur in animals in which anemia has been produced, 
and in human beings with various clinical types of anemia. In this 
study of parasitic anemia, one is impressed with the fact that changes in 
the heart, dilatation, and finally hypertrophy, are of great clinical im- 
portance in evaluating the effects of hookworm infestation on man. The 
primary cardiac dilatation may be classed as a physiological adjustment 
mechanism which disappears when the anemia is relieved; yet, if those 
factors which have necessitated the dilatation continue, there occurs 
hypertrophy of the myocardium which is not reducible and is definitely 
pathological in character. Since cardiae hypertrophy is rightly placed 
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in the category of organic heart disease, one is justified in classing 
chronie parasitic anemia as one of the important etiological factors in 
the causation of this condition. 


CONCLUSIONS 


I. In chronic hookworm anemia the following physiological adjust- 
ments occur: 

a. An augmented vital lung capacity. 

b. A diminished sensitivity of the central control of respiration to 
chemical stimuli. 

e. An inereased tolerance of the tissue cells to oxygen want. 

d. Under conditions of rest no increased velocity of blood flow con- 
tributed significantly to the cireulatory compensation for a reduced 
oxygen-carrying capacity of the blood. 

e. There was indirect evidence that the demand for a greater eir- 
culating blood volume in the vital areas was met by a reduction in the 
volume of the peripheral blood flow with a corresponding selective 
shunting of blood to an increased number of functioning capillaries in 
the internal structures. 

II. An irreducible result of prolonged hookworm anemia is eardiae 


hypertrophy. The heart of one patient who died while under observa- 
tion weighed 630 gm. 


I wish to acknowledge my indebtedness to the director, Dr. George W. Bachman, 
and the staff of the School of Tropical Medicine, San Juan, Puerto Rico; and to 
Dr. Ramon Suarez and the staff of the Hospital Mimiya, Santurce, Puerto Rico, 
for their cooperation and assistance in this study. Without their continued interest 
the completion of the project would not have been possible. 
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ACUTE PERNICIOUS FORM OF BERIBERI AND ITS 
TREATMENT BY INTRAVENOUS ADMINISTRATION 
OF VITAMIN B, 


Wirth EspeciaL REFERENCE TO ELECTROCARDIOGRAPHIC CHANGES* 


Hirorosu1 Hasurmoro, M.D. 
Tokyo, JAPAN 


CCORDING to Aalsmeer and Wenckebach,' there exist a group of 
heart muscle disturbances with some characteristics common to 
them, occurring in deficiency diseases, such as beriberi and rickets, or 
in metabolic disturbances with decreased internal secretions, such as 
myxedema. Recently Walker? has demonstrated that a cardiac enlarge- 
ment in myxedema is readily amenable to thyroid administration. 
Wenckebach pointed out that Moll, in Vienna, had observed in the 
rachitic heart a similar therapeutic effect with vigantol. Among the 
above cardiac diseases the beriberi heart appears to be the one which 
has been most extensively studied. However, there still remain some 
questions not adequately answered, particularly on the mechanism of 
the cardiac failure. 

In beriberi there is cardiac enlargement with dilatation and hyper- 
trophy, predominantly of the right side of the heart, in the absence of 
any remarkable histopathological changes in the myocardium. Digitalis 
and other usual cardiac remedies have but little effect upon the beriberi 
heart, while it responds very promptly to vitamin B. Furthermore, it 
has been supposed by Aalsmeer and Wenckebach' that even in the worst 
condition of failure the beriberi heart gives a perfectly normal electro- 
eardiogram, which is suggestive of retained normal excitability and 
stimulus conduction in the absence of satisfactory contractility of the 
heart muscle. 

Various hypotheses have been advanced to explain the mechanism of 
such a peculiar cardiac failure. Paralysis of the vagus nerve or of 
the respiratory muscles has been supposed to be responsible for this 
by various authors. After the vitamin theory had been established in 
an etiological study of beriberi, there came out another hypothesis, that 
a deficiency of vitamin B leads to a certain metabolic disturbance with 
resulting acidosis or water retention in tissues, which affects the ear- 
diac muscle. 

The water retention hypothesis, proposed by Aalsmeer and Wencke- 
bach,’ seems to be the most popular one, accepted and supported by 
others in recent years. Their opinion that the principal nature of the 
myocardial affection in beriberi might be water retention in muscle 


*From the St. Luke’s International Hospital, Tokyo. 
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cells, was mainly based upon electrocardiographie findings in beriberi 
of Aalsmeer and experimental data of de Boer, which had shown that 
the swelling of the heart muscle, caused by the water, reduces mechan- 
ieally the contractile power of the muscle fibers, but at the same time 
the electrocardiogram may continue completely unchanged. 

Aalsmeer and Wenckebach, therefore, contended that electrocardio- 
grams of patients with beriberi were perfectly normal, except that the 
P-Q interval was shortened in some eases. There was no change in QRS 
complexes, except for right ventricular preponderance. The T-waves 
were perfectly normal. Scott and Herrmann,’ from their study on pa- 
tients with beriberi in Louisiana, reported that in their electrocardio- 
grams there were small complexes, negative T-waves in Leads I and 
III, and some slurring or slight aberrations in the ventricular complexes, 
which they interpreted as evidences of definite myocardial changes. 
Keefer,* who had studied fifteen cases of beriberi with cardiae insuffi- 
ciency in China, stated that in them there were no characteristic changes 
in their electrocardiograms, but there were some evidences of myocardial 
changes in a few. The rate was usually increased. Arrhythmia was not 
observed, except in one patient who had extrasystoles and bradycardia 
during convalescence. Right ventricular preponderance was present in 
two cases. The height of the ventricular complexes was low in four 
patients. In these patients, the voltage became higher during con- 
valescence. In others, the waves which were high during the acute 
stage of the disease became lower as they improved. In three patients 
the P-R interval decreased during convalescence, and in one patient it 
increased. In five cases the T-waves were negative in Lead III. In one 
of these they became positive during the convalescence, and in two, posi- 
tive waves became negative. In some cases during the acute stage, the 
T-waves in Lead II were high and became lower during recovery. 

My personal experience in electrocardiographie examinations on Japa- 
nese patients with beriberi in past years agrees fairly well with the 
above statement of Keefer. Accelerated rates, some deviation of eleec- 
trie axis, and low or high voltages of auricular or ventricular complexes 
were often demonstrated. No other electrocardiographie changes, how- 
ever, were found, even when there were considerable enlargement of the 
heart, loud abnormal murmurs, enlargement of the liver, and other 
clinical evidences of cardiae failure. When the administration of vita- 
min B and other forms of medical treatment resulted in amelioration 
of the cardiae condition, these electrocardiographie changes usually dis- 
appeared during the convalescence. This fact may indicate that there 
must have been some myocardial changes amenable to treatment. Seott 
and Herrmann® noticed negative T-waves in Lead I. Inverted T-waves 
in Lead I or in Leads I and II will have to be accepted as evidence 
of more advanced myocardial involvement than above mentioned 
changes. Recently I encountered a case of acute pernicious beriberi 
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from which electrocardiograms with negative T-waves in Lead I were 
obtained. Patients abruptly seized with acute pernicious beriberi are 
usually very ill and have difficulty in getting access to heart specialists 
who would examine them by use of electrocardiographic apparatus. 
Therefore, it may be worth while to present a report of this case. At 
the same time I wish to describe how promptly the acute cardiae fail- 
ure responds to the intravenous administration of pure vitamin B,. 
Aalsmeer, Keefer, and some others have already demonstrated that anti- 
beriberi diet, supplemented with yeast, rice bran extracts, and other 
remedies containing vitamin B, has a remarkable effect upon the beri- 
beri heart, with a resulting improvement of the eardiae condition along 
with a quick reduction in size of the heart. In eases of acute pernicious 
beriberi, however, patients usually are not able to take anything by 
mouth, because of persistent nausea and vomiting. Even when any 
remedies are given by mouth without vomiting, the patients may often 
die before any therapeutic effect is obtained from these. 

Shimazono’ was the first in Japan who administered large doses of 
purified rice bran extracts subcutaneously or- intravenously to patients 
for the treatment of acute and subacute pernicious cardiac form of 
beriberi, with successful results. Along with vitamin B he also used 
strychnine for intravenous injections to ameliorate the vasomotor fail- 
ure, just as Aalsmeer was doing. By the above medication he was able 
to save eleven of fifteen patients from the death which had generally 
been supposed to be inevitable in such cases. Local irritation and fever 
occurring after subcutaneous injections and an abrupt decrease in blood 
pressure following intravenous injections of so-called raw oryzanin 
were the untoward reactions he often observed. 

After Jansen and Donath had obtained crystals of vitamin B, the 
pure substance was clinically used by Cohen and Asir in 1932 for the 
treatment of beriberi. In 1933 Shimazono® demonstrated that crystals 
of oryzanin, vitamin B,, administered intravenously, exert an excellent 
therapeutic effect upon the acute pernicious cardiae form of beriberi.* 
When 1 mg. of oryzanin erystals of Suzuki and Otake was injected in 
three divided doses, precordial distress, dyspnea, and nausea subsided in 
two or three hours, and the patient appeared comfortable on the fol- 
lowing day, with normal pulse rate and respiration. However, the de- 
crease in the size of the heart and the improvement of paralysis of ex- 
tremities required further treatment with oral administration of the 
vitamin. There was no abrupt decrease in blood pressure immediately 
following the intravenous injection of the substance. Recently Kagawa 


*At the meeting for the study of beriberi held on Nov. 21, 1936, at the Tokyo 
Imperial University, Kagawa stated that, under the supervision of Shimazono, the 
therapeutic effect upon the beriberi of crystals of vitamin B' was studied in 20 cases. 
And in 3 of them there were symptoms of acute pernicious cardiac form of beriberi. 
One milligram of crystals of vitamin B' was intravenously injected in three divided 
doses to one patient, while to two others from 1 to 3 mg. of the substance were in- 
jected subcutaneously. All of them recovered, responding very promptly to the in- 


jections. 
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and Kato,’ in their study on experimental human By,-avitaminosis, have 
observed that 0.5 mg. of the above substance, intravenously injected 
twice a day, was sufficient for a prompt amelioration of cardiac symp- 
toms. In the case of acute pernicious cardiac form of beriberi to be pre- 
sented in this paper, similar doses of the same substance now available 
for practical clinical purposes were given to the patient by repeated 
intravenous injections. 


REPORT OF CASE 


History—A Japanese boy, aged fifteen years, had had to work hard as an ap- 
prentice to a plasterer during the summer and until the beginning of September, 
when he began to notice excessive fatigue and paresthesia of the legs. On Oct. 10, 
1936, complaining of unusually severe lassitude and slight swelling of his face, he 


Fig. 1.—Roentgenogram taken during the acute stage of acute pernicious beriberi, 
on Oct. 14, 1936, previous to administration of vitamin B. Note the enlargement of 
the cardiac shadow to the right and to the left, and also in the regions of the pul- 
monary artery and the superior vena cava. 


consulted a local physician, who told him that he had beriberi. On October 11 he 
began to have nausea and vomiting but did not receive any proper medical treat- 
ment. On Oct. 14, 1936, he had severe palpitation, shortness of breath and pre- 
cordial distress even at rest, and was brought to the St. Luke’s Hospital on a 
stretcher. The patient had been perfectly well prior to the onset of the present 
illness. 

Examination.—On admission the patient, fairly well developed and fairly well 
nourished, appeared to be very ill, in the state of jactitation with dyspnea and pre- 
cordial distress. There was no fever, and his sensorium was clear. The tem- 
perature was 35.6° C., the pulse rate 140, and the respiratory rate 40 per minute. 
There was slight edema of the face and legs, and definite cyanosis was visible on 
mouth, lips, and fingers. The pupils were round and regular, with a fair response 
to light. Vision and hearing were not impaired. The neck was not rigid. Jugular 
veins were engorged. On examining the chest, the cardiac impulse was pounding and 
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diffuse in all intercostal spaces of the precordial area, where a systolic thrill was 
palpable. The area of percussion dullness indicated that the heart was much en- 
larged, the border extending about 5 cm. to the right and about 11 cm. to the left of 
the midsternum. The maximum diameter of the thorax was 22 em. A loud systolic 
murmur was audible in the whole precordial area, loudest in the left third and fourth 
intercostal spaces close to the left border of the sternum. There was neither diastolic 


Fig. 2.—Electrocardiogram obtained during the acute stage of acute pernicious beri- 
beri, on Oct. 14, 1936, previous to vitamin B administration. Note negative T-waves 
in —— I, besides an accelerated rate and a tendency to the right ventricular pre- 
ponderance, 


nor presystolic murmur. The pulmonary second sound was remarkably accentuated. 
The cardiac rate was regular, though accelerated. Arterial sounds over the femoral 
arteries were very loud. The blood pressure measured in millimeters of mercury 
was 110 systolic and 18 diastolic. The diastolic pressure was very low. The lungs 
showed no signs of pulmonary congestion on percussion and auscultation, although 
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there was severe dyspnea. The average value for vital capacity was 49 per cent 
below the normal value. In the abdomen the liver was not palpable, and there was 
no evidence of ascites. The knee and ankle jerks were absent. There was no dis- 
tinct hypesthesia. The urine contained only a trace of albumin, and there were 
no casts. The value for hemoglobin was 82 per cent, and the erythrocytes numbered 


Fig. 3.—Electrocardiogram obtained during the convalescence from acute pernicious 
beriberi, on Oct. 16, 1936, the patient having received intravenous injections of vitamin 
B. Note positive T-waves in Lead I. 


4,510,000 and leucocytes, 7,500 per cubic millimeter. There was no shifting of the 
hemogram to the left. In the roentgenogram (Fig. 1) the cardiac silhouette was 
enlarged to the right and to the left. An enlargement of the shadow was also visible 
in the region of the pulmonary artery and the superior vena cava. The lungs were 
clear. The electrocardiogram (Fig. 2) showed an accelerated but regular rate of 
110, preponderance of the right ventricle, and T-wave negativity in Lead I. 
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Course of Iliness.—The treatment consisted of rest in bed and the intravenous 
administration of purified vitamin B, and strychnine, following the method proposed 
by Shimazono5,¢ for the treatment of the acute pernicious form of beriberi. No 
other usual cardiac remedies such as digitalis, strophanthin, camphor, or caffeine 
were used. Within fifteen minutes after 2 ¢.c. of 0.1 per cent solution of strych- 
nine nitrate had been injected intravenously, the patient appeared as if much re- 
lieved of dyspnea, with a resulting decrease of cyanosis. Then 1 ¢.c. of oryzanin 
fortior decemplex, Sankyo, was injected into the vein. One cubic centimeter of this 
clear solution contains 0.5 mg. of purified crystals of vitamin B,, corresponding in 
efficacy with 200 gm. of fresh rice bran, On the first day of admission, October 14, 
injections of above two remedies were made twice each during the day. At night 
the rectal administration of chloral hydrate enabled the patient to sleep well. 

On the second day in the hospital, October 15, combined injections of concentrated 
oryzanin and strychnine were given in the early morning, and a single injection 
of concentrated oryzanin at night. A remarkable improvement in the condition of the 


Fig. 4.—Roentgenogram taken on Oct. 20, 1936, after recovery from acute perni- 
cious beriberi, due to administration of vitamin B. Note the cardiac shadow normal in 
size and shape. 


patient was already observed on this day. He did not complain of precordial dis- 
tress. There was neither dyspnea nor cyanosis, The respiratory rate was 20, the 
pulse rate 80, and the blood pressure 110 systolic and 60 diastolic. The diastolic 
pressure had been elevated by this time. The urinary output per day was 1,500 c.c. 
The urine contained no albumin. The vital capacity was still low—43 per cent. 

On the third day, October 16, the concentrated oryzanin was injected twice into 
the vein. Besides this, 30 ¢.c. of the fluid oryzanin and 3 gm. of rice germ powder 
were given by mouth, as the patient had already been relieved of nausea and 
vomiting. The patient appeared very comfortable. The pulse rate was between 60 
and 80, and the respiratory rate was 18, There occurred a good diuresis, with the 
urinary output of 2,050 ¢.c. per day. The heart was found to have been decreased 
in size. The cardiac dullness extended about 3 em. to the right and about 9 em. 
to the left. The pulmonary second sound was a little accentuated, being preceded by 
a weak systolic murmur. The arterial sounds were audible, though much enfeebled. 
The electrocardiogram (Fig. 3), obtained from the patient about fifty hours after 
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the institution of the vitamin administrations, revealed normal functioning of the 
heart. T-waves in Lead I became positive and high and perfectly normal in shape. 

On the fourth day, October 17, no more injections of the concentrated oryzanin 
were made, but an antiberiberi diet was given in addition to the oral administration 
of 30 c.c. of fluid oryzanin and 3 gm. of rice germ powder. Abnormal murmurs in 
the heart and arteries had completely disappeared. The pulmonary second sound 
was not accentuated. The urinary output amounted to 2,600 ¢.c. per day. 

On the fifth and sixth days, October 18 and 19, considerable diuresis continued 
with the urinary output of 2,500 c.c. and 2,450 ¢.c., respectively, per day. 

On the seventh day, October 20, the patient appeared perfectly well without any 
cardiovascular or gastrointestinal disturbances. There was no edema. The calves 
were not tender on firm palpation. Knee jerks, however, were still absent. The 
vital capacity was -35 per cent. The roentgenographic examination (Fig. 4) re- 
vealed that the heart had returned to the uormal size and shape. The electro- 
cardiogram was almost normal. The patient left the hospital, completely recovered 
from cardiac failure. 


In summary, it may be stated that a boy who had been seized with an 
acute pernicious form of beriberi without any complications recovered 
from the acute cardiae failure within about fifty hours under the intra- 
venous administration of 3 mg. of purified vitamin B,. There occurred 
no untoward reaction, such as an abrupt decrease in blood pressure, 
breathlessness, ete., as used to happen when so-called raw oryzanin 
had been administered intravenously. 


ELECTROCARDIOGRAPHIC EXAMINATION 


In the electroecardiogram (Fig. 2), obtained on Oct. 14, 1936, from 
the patient during the acute stage of pernicious beriberi, the cardiac 
rate was 110 per minute, with a cycle length of 0.64 see. P, was low, 
less than 0.5 mm. P, and P, were both high, 3 mm. P-R interval was 
0.14 see. The main deflection of QRS, was directed downward. R, 
was higher than R,. QRS complexes were neither notched nor slurred 
in any of the leads. Q-T interval was 0.30 sec., shorter than Fridericia’s 
value by 8 per cent. T, was inverted 1.5 mm. below the isoelectric 
line. T, was positive, 3 mm. 

In the electrocardiogram (Fig. 3), obtained on Oct. 16, 1936, at the 
time of remarkable improvement in symptoms, due to intravenous injec- 
tions of vitamin B,, the eardiae rate was 70 per minute with a cycle 
length of 0.88 see. P, and P, were normal, 2 mm. P, was diphasie. 
P-R interval was 0.16 see. QRS complexes were neither slurred nor 
notched. R, was slightly longer than S,._ R, was nearly equal in height 
with R,. Q-T interval was 0.36 see. and shorter than Fridericia’s value 
by only 1.5 per cent. T, was positive and as high as 4mm. _ T, was also 
positive, 3.5 mm. T, was diphasiec, 1.5 mm. above and below the base line. 

During the acute stage the cardiac rate was accelerated, without 
arrhythmia. The P-waves were low in Lead I and high in Lead III. 
The QRS complexes indicated a tendency to right ventricular pre- 
ponderance. T-waves were inverted in Lead I. During the convales- 
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cence T-waves became positive and high in Lead I. The tendency to 
right ventricular preponderance was reduced. Along with a decrease 
in cardiac rate the Q-T interval became longer. P-waves in Lead I 
became normal in voltage. Diphasic P- and T-waves in Lead III may 
be of little clinical significance. 

Keefer noticed that high T-waves in Lead II during the acute stage 
beeame lower during recovery and that negative T-waves in Lead ITI, 
without use of digitalis, became positive during the convalescence, and 
the positive one negative. No doubt these changes indicate that the 
myocardium underwent some change during the recovery from beriberi 
of patients treated with rest in bed and by the administration of anti- 
beriberi diet and yeast. However, there were no electrocardiographic 
evidences to which any pathological significance can be attached. The 
T-waves are often inverted in normal individuals in Lead III. On the 
other hand, when the effect of digitalis medication is excluded and 
negative T-waves exist in Lead I or in Leads I and II, we may assume 
serious involvement of the myocardium with a fair accuracy. In the 
electrocardiogram (Fig. 1), obtained from the patient with acute cardiac 
failure due to beriberi, the negative T-waves were found in Lead I, 
when no digitalis had been administered. And these negative T-waves 
promptly became positive during the recovery, due to the intravenous 
administration of vitamin B,. It may be stated that in the acute per- 
nicious form of beriberi there may be an electrocardiographie evidence 
of more serious myocardial involvement than in the usual cardiac form 


of beriberi. 
SUMMARY 


A patient with acute pernicious form of beriberi, showing an electro- 
cardiographie evidence of myocardial damage, recovered very promptly 
from the cardiac failure under intravenous administration of vitamin 
By, with a resulting return to normal of the electrocardiogram. 
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THE CIRCULATORY DYNAMICS IN TRICUSPID STENOSIS 


THEIR SIGNIFICANCE IN THE PATHOGENESIS OF EDEMA AND ORTHOPNEA*t 


Mark D. M.D., anp Herrman L. Buumeart, M.D. 
Boston, Mass. 


INTRODUCTION 


HE diagnosis of acquired tricuspid stenosis is made very infre- 
quently during life. Zeisler,1 who reviewed the literature in 1933, 
reported correct ante-mortem diagnoses in only 31 of 250 autopsied 
eases. Of these 31 diagnoses, 14 were made by Dressler and Fischer? 
out of a group of 33 cases proved at post-mortem examination. 

The clinical criteria for tricuspid valvular disease have been well 
described by Dressler and Fischer,” by Zeisler,| and by Friedlander 
and Kerr.* The cardinal signs are cyanosis, subicteric tint, and hepa- 
tomegaly, with pulsation of the neck veins and liver, all persisting in 
the absence of cardiac decompensation. This pulsation is double- 
phased, with late diastolic (auricular) and systolic (ventricular) com- 
ponents. The presystolic component is absent in the presence of 
auricular fibrillation and, according to Friedlander and Kerr,* also in 
auricular arrest, nodal rhythm, and nodal tachyeardia. The murmurs 
are typical and are best heard at, or to the right of, the xiphoid process. 
They may, however, be masked by those of the mitral stenosis which 
is always present. The most recent work, that of Teufl,® using profile 
illumination to make visible a retrograde venous pulsation, suggests 
that the correct diagnosis may be made more often in the future 
through the use of this procedure. 

Physiological studies in this disease are exceedingly fragmentary, 
being limited almost entirely to studies of the venous pressure and 
the phlebogram. No studies of the dynamics of the circulation are, 
so far as can be ascertained, available. 


REPORT OF CASE 


M. R., a thirty-two-year-old white American housewife, entered the Beth Israel 
Hospital on Jan. 29, 1936, complaining of dyspnea on exertion of ten years’ dura- 
tion. Family history and past history were irrelevant. Eleven years before admis- 
sion, the patient had migrating polyarthritis, characterized by pain and fever, but 
no swelling or redness of the joints, over a period of four months, during which 
time she remained in bed. Following this illness she was advised to curtail her 
activities because she had a cardiac murmur, but she disregarded this advice. About 
a year later she began to notice easy fatigability, slight dyspnea, and slight palpita- 


*From the Medical Service and Medical Research Laboratories of the Beth Israel 
Hospital, Boston, and the Department of Medicine, Harvard Medical School. 
+Presented in abstract before the American Clinical and Climatological Society, 


October 26, 1936. 
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tion on exertion. She also noted slight swelling of the ankles, particularly the left, 
at the end of the day. Her condition remained stationary until six years before 
admission, when, because of increase of symptoms, she entered another hospital, 
where a diagnosis of rheumatic mitral and aortic stenosis and insufficiency, possible 
tricuspid insufficiency, and auricular fibrillation was made. She was digitalized and 
discharged improved after an eleven-day stay. About seven months before the 
present admission she began to experience a dragging sensation and noted the ap- 
pearance of ‘‘a big lump’’ in the epigastrium. The ‘‘lump’’ seemed to vary in size 
from time to time. Simultaneously the patient began to experience frequent eructa- 
tions of gas, with, however, no nausea or vomiting. At about this time her dyspnea 
became worse. During the four months preceding admission the patient had five 
or six attacks of severe crampy pain in the right upper quadrant, radiating to the 
left upper quadrant, requiring morphia for relief. During this period orthopnea 
appeared, and edema became more persistent, though at no time was it more than 
moderate in degree. The patient, who formerly had been up and about, now went 
to bed for a period of three weeks, after which she led a bed-and-chair existence. A 


Fig. 1.—Unretouched infra-red photographs showing marked engorgement of face and 
neck veins. 


month before admission the onset of continuous pain in the right shoulder was 
noted. At no time did the patient have cough, fever, chest pain, or paroxysmal 
dyspnea. 

Examination on admission revealed a fairly well-developed and well-nourished 
young woman, with a slight icteric tint to the skin and slight cyanosis of the lips. 
The veins of the neck, face, forehead, arms, and hands were dilated and pulsating 
synchronously with the heart. The veins over the face and forehead were from 0.5 
to 1.0 em. in diameter (Fig. 1). Ophthalmoscopic examination was negative except 
for dilatation and pulsation of the retinal veins. The heart was markedly enlarged 
to both right and left, the borders of dullness being respectively 11 and 12 em. from 
the midsternal line. Over the mitral area a diastolic thrill and a faint systolic thrill 
were felt. A systolic thrill was also palpable over the aortic area. A rough systolic 
murmur and a rolling diastolic murmur were audible at the apex. A loud, rough 
systolic murmur and loud whistling decrescendo diastolic murmur were heard over 
the lower end of the sternum and were transmitted toward the right. A rough 
systolic murmur and a short early diastolic murmur were also audible over the 
third left interspace. The second sound over the aortic area was absent. The 
rhythm was completely irregular. The heart rate was 70, with no pulse deficit. There 
was some dullness over the right base posteriorly. No rales were heard. The liver 
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was enlarged to the umbilicus and was tender and pulsating. The pulsations were 
systolic in time only. No capillary pulsation or Corrigan pulse was present. There 
was no edema of the ankles, legs, sacrum, or back. Arterial blood pressure was ap- 
proximately 140 mm. systolic and 84 mm. diastolic. 


Fig. 2.—Electrocardiogram showing right axis deviation and auricular fibrillation. 


The clinical diagnoses were: Rheumatic heart disease; tricuspid, mitral, and 
aortic stenosis and insufficiency; auricular fibrillation; and cardiac decompensation. 

Electrocardiographic tracings showed auricular fibrillation, right axis deviation, 
diphasic T, and inverted T, and T, (Fig. 2). 
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Cardiac measurements from a roentgenogram taken at a distance of seven feet 
were (Fig. 3) as follows: 


Midsternum to right 10.0 em. 
Midsternum to left 11.3 em. 
Total transverse diameter 21.3 em. 
Diameter of great vessels 8.5 em. 
Length 19.2 em. 
Base 17.0 em. 
Transverse diameter of chest 24.6 em. 


The report of the roentgenologist also stated that most of the enlargement was 
to the right, suggesting a right-sided lesion, and that the left auricle was prom- 
inent. The contour of the heart was not that of a pericardial effusion. Fluoroscopy 
in various positions showed no evidence of adhesive pericarditis. 


Fig. 3.—Roentgenogram of heart ones —— enlargement to right as well as te 
eft. 


Clinical Pathology.—Four urine examinations revealed a specific gravity ranging 
between 1.020 and 1.030. Examinations of the urine taken without catheterization 
were negative except for the constant presence of a slightest possible trace to a 
trace of albumin. 

The red blood cell count was 4,350,000 per e.mm.; the hemoglobin, 80 per cent 
(Sahli). The white blood cell count on three occasions was between 6,100 and 8,000 
per c.mm. Differential count and smear were normal. Stool examination revealed 


no abnormality. 

The blood nonprotein nitrogen was 29 mg. per cent; the blood sugar, 92 mg. per 
cent; the serum total protein, 7.4 gm. per cent; and the serum cholesterol, 189 mg. 
per cent. The blood Hinton and Kahn reactions were negative. On admission the 
icteric index was 20, and the quantitative van den Bergh, 2.3. These fell re- 
spectively to 12 and 1.3 during the next two weeks. The galactose tolerance test was 
negative. 

Venous Pressure-—The venous pressure as measured in the antecubital veins by 
the direct method and referred to the level of the right auricles fluctuated between 
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16.9 and 21.9 em. of water over a period of a week of observation. The pressure 
in the right femoral vein with the patient in the recumbent position was 22.3 cm. 
at a point 6 cm. below the level of the right auricle, giving a pressure of 16.3 
em. when referred to the level of the right auricle. These values were recorded 
during diastole. During systole the pressures in the antecubital veins were 0.4 
to 0.8 em. of water higher; the pressure in the femoral vein was 0.5 to 2.0 em. 
higher. An 18 gauge needle was used in measuring the pressure in the arm veins 
and a 14 gauge needle in measuring that in the femoral vein. To obviate the in- 
ertia of the recording system, the length of the tubing used was reduced as far as 
possible. 

The pressure in the veins of the hand as measured by the indirect method of 
Hooker and Eyesteré was 20.8 cm. of water. 

Velocity of Blood Flow.—The velocity of blood flow as measured by the decholin 
method? showed an arm-to-tongue circulation time of 25 sec. on two occasions. 

Cardiac Output.—The cardiac output as measured on two occasions by the method 
of Starr and Gamble® was 2.9 liters, or 1.9 liters per square meter of body surface, 
the normal range of values being 1.9 to 2.6 liters per square meter of body surface. 
The arteriovenous oxygen difference was 6.44 volumes per cent. 

Vital Capacity.—The vital capacity of the lungs varied between 1,400 and 
1,600 e.c. 

Metabolism.—The basal oxygen consumption was 189 ¢.c. per minute, the basal 
metabolic rate being -3 per cent. 

Respiratory Dynamics.—Under basal conditions the respiratory rate averaged 
12.5 per minute. The respiratory minute volume was 4.8 liters per minute or 3.1 
liters per minute per square meter of body surface. The tidal air averaged 384 c.c. 


The femoral venous blood oxygen content was 13.12 volumes per 
These values 


Blood Gases. 
cent, the capacity 19.52 volumes per cent, and saturation 67.2 per cent. 
are normal. Arterial blood was not obtained because of lack of cooperation of the 
patient. 

Blood Vessels of the Skin.—Microscopic examination of the vessels of the nail 
beds revealed intermittent, pulsatile, or continuous flow in the capillaries, but no 
reversal of flow. The capillaries were of normal diameter. Many larger pulsatile ves- 
sels were seen. It could not be determined which of these were arteries and which 
veins. 

Observations on Orthopnea.—With the patient at an angle of 30 degrees from the 
horizontal, the veins on the top of the scalp were distended. The respiratory rate 
was 18 per minute. The patient experienced a choking feeling in the throat and 
chest. Merely flexing the head, by putting a pillow under it, caused the veins of the 
scalp to collapse. Simultaneously the choking feeling disappeared. There was no 


change in respiratory rate. 
Elevating the bed to an angle of 60 degrees likewise caused the collapse of the 


engorged veins on the face and the simultaneous disappearance of orthopnea. 
These maneuvers were not associated with any change in vital capacity. 


DISCUSSION 


The findings in this case are of interest from several points of view. 
In the first place the signs of tricuspid stenosis and insufficiency were 
adequate to establish the clinical diagnosis of this condition. In com- 
mon with other reported cases of tricuspid stenosis,’ ? 4 this patient 
showed a persistently elevated venous pressure, with no evidence of 
edema. In many of the cases described as free of edema, engorgement 
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of the neck veins, frequently to a striking degree, was noted.’ * 
Friedlander and Kerr* measured the venous pressure in their patient 
and found it to be 26 em. of water though no edema was present. 
With each thrust of the heart in the case here reported, the veins 
showed increased engorgement and conspicuous pulsations. The greatly 
enlarged liver likewise pulsated markedly. The skin showed a slightly 
cyanotic and icterie tint. These signs, together with the loud systolic 
murmur referable to the tricuspid area, signified tricuspid insufficiency. 
The loud decrescendo diastolic murmur heard over the lower end of 
the sternum, transmitted toward the right, could be clearly differen- 
tiated from the aortic and mitral diastolic murmurs, and established 
the diagnosis of organic tricuspid stenosis. 

The significance of jaundice and cyanosis as a helpful diagnostic 
sign in tricuspid valvulitis has recently been pointed out by Wearn.® 
In our patient the icteric tint corresponded with the increased icteric 
index values and slightly elevated serum bilirubin values and was due 
to hepatic engorgement. The cyanosis which was more bluish and less 
purplish than that usually observed in cardiae patients was evidently 
due to the dilatation of veins and venules. 

The accuracy of the measurements of venous pressure here reported 
was not significantly impaired by the movement of the fluid in the 
manometer tube, by the friction of the fluid in the measuring system, 
or by the inertia of the fluid itself. Diastole was sufficiently long to 
permit the fluid in the manometer to come to a standstill at the same 
point each time. Because of the auricular fibrillation, diastole was of 
variable duration and was frequently abnormally long. Readings of 
the venous pressure were not affected by the duration of diastole. 
Further, measurements made in the arm veins with a needle of medium 
gauge and in the femoral vein with one of much larger size were the 
same. 

In most patients with congestive failure many factors cooperate in 
causing the appearance of peripheral edema. The decreased output of 
the heart in relation to the oxygen consumption combined with defi- 
cient oxygen saturation of the arterial blood leads to anoxemia, which 
in turn leads to vasodilatation of the peripheral capillaries with a 
marked increase in the number of open capillaries. This greatly in- 
creased filtering surface area permits the filtration of considerably 
increased amounts of fluid. Simultaneously, the elevated venous pres- 
sure tends to prevent reabsorption of fluid at the venous ends of the 
capillaries. Edema fluid, as shown by Gilligan and her associates'’ 
and others, is a simple plasma filtrate in equilibrium with blood. 
Anoxemia not only leads to peripheral vasodilatation but also as shown 
experimentally by Landis'! may lead to increased capillary permea- 
bility. In addition to the factors of anoxemia, peripheral vasodilata- 
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tion, and elevated venous pressure above enumerated, decreased plasma 
protein concentration,’® defective lymphatic drainage, and diminished 
tissue pressure likewise are frequently of etiological significance in 
the formation of edema in patients with congestive heart failure. 

The patient who is the subject of the present study afforded an 
unusual opportunity to study the effect of a genérally elevated venous 
pressure uncomplicated by most of the factors usually found in pa- 
tients with congestive failure due to organic heart disease. Repeated 
measurements of the minute volume output of the heart showed values 
at the lower range of normal. The slightly prolonged circulation time 
may be considered a result of venous engorgement, the test substance, 
decholin, having been injected into the veins of the arm. The low vital 
capacity of the lungs suggests that pulmonary congestion might also 
be in part responsible for the prolonged circulation time although 
encroachment on the lungs by the greatly enlarged heart might have 
been sufficient in itself to cause the marked diminution in the vital 
capacity. The arteriovenous oxygen difference calculated from the 
minute volume output studies and estimated from direct analysis of 
the femoral venous blood likewise showed normal values. 


These findings therefore indicate that in the absence of other co- 
operating factors such as anoxemia, lowered cardiae output, and de- 
creased plasma protein, a venous pressure as high as 20 em. of water 
which may be observed in cardiac patients with anasarea may still 
not induce clinical pitting edema. It is significant that Krogh, Landis, 
and Turner,!? and Landis and Gibbon'® demonstrated. experimentally 
that the venous pressure in normal individuals can be elevated to from 
15 to 20 em. of water without a demonstrable increased accumulation 
of water in the tissue spaces. These experimenters have shown, there- 
fore, that there exists in the normal subjects a margin of safety against 
the production of edema through increase of venous pressure. 

It is extremely important that the osmotic pressure of the plasma 
proteins in our subject was normal (the total serum protein was 7.4 gm. 
per cent), for the experiments of many observers (reviewed by Krogh 
and his associates!*) leave little doubt that edema would have oe- 
curred with a venous pressure of 16 to 22 em. of water and appreciably 
lowered plasma protein concentration. 

The observations in this patient also have a bearing in regard to 
the mechanisms which operate in the production of orthopnea. That 
orthopnea may be produced by various mechanisms is well established. 
Pulmonary engorgement initiating sensory impulses leading to dyspnea, 
or encroachment on the vital capacity of the lungs by ascites, hydro- 
thorax, enlarged hearts, and intrathoracic tumors may impel some 
patients to assume the upright position, for an increased vital capacity 
and more complete oxygenation of the blood are sometimes observed 
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under such circumstances. In a previous communication, Ernstene 
and Blumgart™ presented evidence which supported the concept that 
in sitting up, orthopneic patients relieved their respiratory centers of 
the effects of increased venous pressure and thereby secured increased 
blood flow and relief from the distress due to partial asphyxia in such 
areas. In the upright position the pressure in the veins about the 
respiratory center is kept more nearly normal, and the blood flow in 
the capillaries feeding these veins is increased to the maximal limit 
set by the existing myocardial failure. Eighty-two comparisons of 
the height of venous pressure and the degree of orthopnea in 22 pa- 
tients with uncomplicated myocardial failure of the congestive type 
showed a parallelism between the two measurements. When orthop- 
neie patients were placed in the recumbent position with the head 
flat, simple elevation of the head by flexion of it on the thorax pro- 
duced, almost without exception, conspicuous diminution of respira- 
tory distress. In performing this maneuver, the chest was not moved, 
and so intrathoracic factors, which might affect the vital capacity or 
the oxygenation of the pulmonary blood, were not influenced. Cere- 
bral venous pressure, judging by the collapse of the neck veins, was 
reduced, however. 

The strikingly elevated venous pressure in the patient of the present 
communication, in the absence of many of the factors commonly pres- 
ent in patients with congestive failure, offered an interesting opportu- 
nity to test the applicability of the above theory. Simple flexion of 
the head with the patient in the recumbent position relieved the pa- 
tient of respiratory distress. It was of particular significance in this 
case that respiratory distress was relieved precisely by that degree of 
elevation which resulted in a collapse of the prominent distended veins 
over the forehead and face. 

The cardiovascular dynamies of adhesive pericarditis are somewhat 
similar to those of tricuspid stenosis. The venous pressure in both is 
strikingly elevated. However, the cardiac output in the former is 
markedly decreased,*-!® and edema or ascites or both is present in 
all the patients with adhesive pericarditis reported in the literature.*° 
In patients with tricuspid stenosis and insufficiency the cardiac output 
may be within the limits of normal even though the venous pressure 
is somewhat elevated; the findings in our patient as well as those re- 
ported elsewhere show that edema of the subcutaneous tissues may be 
absent under such circumstances. 


SUMMARY 


The cardiovascular dynamics in a patient with tricuspid stenosis and 
insufficiency were investigated. The clinical diagnosis was made on 
the basis of the marked generalized venous engorgement, cyanosis, 
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slight jaundice, pulsation of the veins and of the enlarged liver, and 
the presence of typical murmurs to the right of the xiphoid. 

A high venous pressure was noted in both the arm and leg veins; 
this observation corroborated the clinical finding of marked general- 
ized venous engorgement. Elevation of the venous pressure is com- 
monly regarded as the chief, if not the only, cause of cardiae edema. 
It is striking that no edema was present in this case. Of significance 
in this connection are the observations on the cardiac output, arterio- 
venous oxygen difference, and venous oxygen content and saturation. 
All were essentially normal, i.e., no anoxemia was present. The con- 
centration of plasma protein was normal. These findings strongly 
suggest that factors other than the venous pressure are likewise of 
importance in the formation of cardiac edema. 

The studies on orthopnea in this patient support the theory that 
elevation of the venous pressure may be a significant factor in the 
genesis of orthopnea. 
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THE OCCURRENCE AND THE PATHOGENESIS OF CARDIAC 
HYPERTROPHY IN GRAVES’ DISEASE* 


CHARLES K. M.D., AND ArTHUR R. SonvaL, M.D. 
New York, N. Y. 


T HAS long been known that Graves’ disease produces marked changes 

in the dynamics of the circulation. It is generally accepted that in 
this disease the heart rate and the velocity of circulation are increased, 
the blood volume is enlarged, the venous return to the heart augmented, 
and the minute cardiac output considerably elevated. There is still dis- 
agreement, however, as to whether the size and the weight of the heart 
are greater than normal, and if so, what factors produce these altera- 


tions. 


HISTORICAL 


Many of the earliest writers on Graves’ disease noted clinically that 
Graves,! himself, ob- 


there was an increase in the size of the heart. 
served cardiac enlargement in one of the three cases on the basis of 
which he described the clinical picture which bears his name. Marsh? 
and Stokes* also reported dilatation of the heart in disease of the thyroid 
gland. Enlargement of the heart was clinically observed in from one- 
third to one-half of the cases reported by various writers including 
Pissler,* Kraus,® Kocher,® Murray,’ Schultze,’ Dietlen,? and Bickel.'° 
Sattler’! reported that the dilatation of the heart accompanying Graves’ 
disease could disappear if the hyperthyroidism were cured or alleviated 
and quoted various cases to illustrate this point. In a recent clinical 
study of 148 cases of Graves’ disease, Burnett and Durbin” noted ear- 
diae enlargement in 30 per cent. 

Clinical studies of the size of the heart in hyperthyroidism have been 
supplemented by the more accurate methods of x-ray examination. Most 
of these reports have likewise emphasized the occurrence of cardiac en- 
largement, as indicated by general widening of the cardiae borders, or 
by some characteristic alteration in the shape of the heart. Among the 
reports of large series of cases are those of Meyer-Borstel’® and of Park- 
inson and Cookson.'* Meyer-Borstel presented a summary of the evi- 
dence for cardiac enlargement in Graves’ disease and reported 59 cases 
of his own, in 83 per cent of which the heart was enlarged. He de- 
seribed a typical configuration consisting of prominence of the pulmo- 
nary conus similar to that in mitral stenosis. This observation had been 
made previously by Résler’® and by Assmann.'’® Parkinson and Cook- 
son found slight or moderate enlargement in 45 per cent of 130 cases 


*From the Medical Services of Dr. George Baehr and Dr. B. S, Oppenheimer, the 
Mount Sinai Hospital. 
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which were studied clinically and by the x-ray. They likewise empha- 
sized a characteristic early alteration in the shape of the heart, particu- 
larly the prominence of the pulmonary arch. 

Certain experimental evidence has been presented to support the 
occurrence of cardiac hypertrophy in Graves’ disease. Hashimoto,'’ 
Cameron and Carmichael,'® Simonds and Brandes,’® and Smith and 
MacKay" frequently observed the presence of cardiae hypertrophy in 
animals following the administration of thyroid extract. Boas and 
Landauer® noted the occurrence of hypertrophied hearts in the frizzle 
fowl as compared with those of the normal chicken. They ascribed this 
to the scanty plumage with improper conservation of heat in the former, 
resulting in increased basal metabolism and tachyeardia. They drew an 
analogy between the cardiac hypertrophy in patients with hyperthyroid- 
ism and that in the frizzle fowl, both of which were explained as due to 
inereased metabolism and work of the heart. An evaluation of these 
experimental studies requires a consideration of the large doses of thy- 
roid extract usually employed, of the general failure to allow for the 
disproportionate total body weight lost during thyroid administration, 
resulting in an increased ratio of heart weight to body weight, of the 
possible differences of induced pharmacologieal hyperthyroidism in ani- 
mals and Graves’ disease in humans, and especially of differences in 
eardiae adjustments to alterations of blood flow in humans and lower 
animals. For these reasons, one may question whether the above men- 
tioned experimental observations are applicable to the pathology of 
Graves’ disease in humans. 

There are few observers who disagree with the vast array of reports 
indicating the presence of cardiae enlargement in Graves’ disease. It 
should be emphasized, however, that even in these reports of cardiae en- 
largement the occurrence of hearts of normal size is at least as frequent 
as those that show enlargement. One ean, therefore, say that cardiac 
enlargement is not a necessary sequel to hyperthyroidism. No adequate 
explanation is presented in these various studies for the oceurrence of 
enlargement in some eases and not in others. 

Recently, a number of writers, without denying the occasional pres- 
ence of cardiae enlargement, have maintained that this was neither of 
marked degree nor a significant feature of Graves’ disease. Résler,'® 
on the basis of x-ray observations, emphasized that the great majority of 
hearts in Graves’ disease are not enlarged. He found no diminution in 
the size of the heart after thyroidectomy. Yater,®° in discussing the 
dynamies of the cireulation in hyperthyroidism, also maintained that 
there was no significant degree of cardiae hypertrophy. Thomas,*! after 
pointing out that there was no agreement as to the occurrence of hyper- 
trophy and dilatation, adopted a middle course and suggested that 
enlargement occurred only late in the disease and with intense and pro- 
longed hyperthyroidism, Hurxthal®* and his coworkers,?* and Lahey,** 


‘ 
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on the basis of x-ray and clinical studies of an unusually large series of 
eases, concluded that cardiac hypertrophy was rare except with coexist- 
ing heart disease. They maintained that hypertrophy does not occur as 
a result of pure hyperthyroidism but that a slight degree of dilatation is 
frequent. The evidence obtained from various post-mortem studies will 
be discussed after the presentation of certain general considerations and 
definitions. 
GENERAL CONSIDERATIONS 


In evaluating the numerous studies which bear on the size and weight 
of the heart, there are certain fundamental difficulties. There is a lack 
of adequate distinction in the use of the terms hypertrophy, dilatation, 
and enlargement. It is difficult to evaluate and compare the results ob- 
tained from x-ray, clinical, experimental, and post-mortem studies. The 
confusion in the use of terms is due in part to the fact that observations 
based on these varied types of investigation necessarily yield different 
kinds of information. Thus, clinical and x-ray observations afford no 
measure of the weight of the heart, while post-mortem studies cannot 
give an accurate picture of the size of cardiac chambers during life. 

Dilatation of the heart indicates an enlarged capacity of the cardiac 
chambers. This can sometimes be determined clinically by palpation 
and percussion, and, unless very slight, should generally be observable 
by x-ray films. Cardiac hypertrophy indicates an increased weight of 
the heart. This may be visible grossly in a greater thickness of the ear- 
diae wall and microscopically by an enlargement of the cardiac muscle 
fibers and by various nuclear changes. Such inerease in the thickness 
of the cardiae walls may produce a widening of the cardiae borders 
which might or might not be noted clinically or by the x-ray. On the 
other hand, dilatation itself (without alteration in the thickness of the 
eardiae walls) can produce a widening of the cardiac borders. Some- 
times it is possible by a consideration of the clinical course or by certain 
x-ray observations to surmise a distinction between cardiac hypertrophy 
and eardiae dilatation. Generally, however, it is difficult or impossible 
to distinguish the two conditions. For this reason, since the heart can- 
not actually be weighed, clinical and x-ray observations should lead only 
to the diagnosis of cardiac enlargement, denoting an increased width of 
the cardiac borders. No attempt should be made to state specifically 
how much of the altered size is due to hypertrophy and how much to 
dilatation. 

In this report we shall confine ourselves essentially to a consideration 
of cardiae hypertrophy in Graves’ disease. This necessarily involves the 
study of hearts which have come to post-mortem examination. The 
advantages of thus limiting the problem appear obvious. Post-mortem 
study affords uniform, absolute measurements which can be compared 
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with the findings of various observers. It also makes more certain the 
accuracy of the clinical diagnosis and the absence of other forms of 
circulatory or cardiac disease which might lead to cardiae hypertrophy. 
On the other hand, x-ray observations may give fairly accurate measure- 
ments as to the size of the heart, but the standards of normal variation 
on x-ray examination are less clearly defined than the standards for 
normal heart weights. Furthermore, since x-ray observations involve 
two-dimensional configurations, slight cardiae enlargement can easily be 
overlooked. The difficulties of evaluating accurately the size of the heart 
by percussion and palpation are obviously even more marked. For these 
reasons clinical and x-ray studies will not be included in our considera- 
tion of heart size, which is based only on post-mortem observations. 

This study is not only confined to post-mortem observations, but is 
further limited to a consideration of cardiae hypertrophy. This can be 
determined in terms of specific numerical values which can be compared 
with the findings of other authors. Dilatation, on the other hand, is 
variously evaluated by different observers even where the hearts are 
available for direct inspection. Dilatation; as determined by _post- 
mortem examination, depends in large measure on whether the heart 
stopped in systole or diastole. Mild grades of dilatation may be ob- 
secured when thick, hypertrophied chamber walls encroach upon the 
cardiae lumina. 

_ Even in evaluating hypertrophy, unless it be considerable, one falls 
upon the stumblingblock of normal values for heart weights. The wide 
variation of numerous investigators (Table I) is indicated by the values 
given by Tandler,”* Gray,”® Piersol?? and by Walmsley.** It is agreed 
that heart weights bear a fairly definite relationship to body weight. 
But these ratios have been variously stated to be between 0.8 per cent as 


TABLE I 


WEIGHTS OF NORMAL HEARTS GIVEN BY VARIOUS AUTHORS 


AVERAGE (GM.)| RANGE (GM.) (%) — 
AUTHOR MALE | FEMALE| MALE | FEMALE| AVERAGE | MALE | FEMALE 
Aschoff1 321 299-355 
Walmsley 325 300 310-340} 280-320 
Gray 310 255 280-340) 230-280 
Piersol 306 285 266-346) 230-340 0.59 0.62 
Boyd 0.60-0.80 
Greenwood and Brown2 0.45-0.70 
Weber? 0.66 
Miller 0.55 
Robinson 0.42 
Smith 294 250 155-400! 110-367 0.43 0.40 


1. Aschoff, L.: Lectures on Pathology, New York, 1924, Paul B. Hoeber, P. 135. 

2. Greenwood, M., and Brown, J. W.: A Second Study of the Weight, Variability 
and Correlation of the Human Viscera, Biometrika 9: 473-485, 1913. 

3. Weber, E. H.: In Friedr. Hildebrandt’s Handb. der Anatomie des Menschen, 4 
Ausgabe, Braunschweig, 1831, Bd. 3, Pp. 125, 159, 161. 

4. Miller, W.: Die Massenverhiltnisse des menschlichen Herzens, Hamburg and 
Leipzig, 1883, Leopold Voss, Pp. 56, 
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given by Boyd” and 0.42 per cent by Robinson.*® Recently, H. L. 
Smith*? has stated the heart weight to average 0.40 per cent of body 
weight for women and 0.43 per cent for men. This percentage is some- 
what less in large individuals and higher in small individuals. Aceord- 
ing to Aschoff,** in conditions of wasting, the heart loses a smaller pro- 
portion than the body and therefore increases in relative weight. 

In terms of absolute values, the reported normal heart weights also 
show considerable variation. Walmsley gives the average heart weight 
for males as from 310 to 340 gm., but the range is from 255 to 420. The 
average for females is stated as from 280 to 320 and the range from 200 
to 400. Gray’s values are from 280 to 340 gm. for males and from 230 
to 280 for females. Smith’s ranges for various body weights indicate 
normal heart weights varying between 155 and 400 gm. for men and 
between 110 and 367 for women, the averages being 294 and 250, re- 
spectively. The values of earlier investigators were probably too high 
hbeeause various pathological conditions leading to eardiae hypertrophy 
were inadequately eliminated from the so-called normal series upon 
which normal heart weights were based. Recent considerations of eardiae 
hypertrophy have employed as normal standards the figures given by 
Walmsley and H. L. Smith. The latter’s figures would tend to be too 
low because, in his careful elimination of patients dying from some 
eardiae disorder, he necessarily included an unspecified but considerable 
percentage of patients dying from neoplastic and other cachectie dis- 
eases, so that many of the hearts had undoubtedly undergone some 
degree of atrophy. It is important to emphasize the rather wide range 
of normal heart weights in all the series stated. It is obviously possible 
that slight but significant degrees of hypertrophy could occur without 
affecting the heart weight sufficiently to take it out of the range of the 
normal, 

There appears to be agreement in the literature that cardiae enlarge- 
ment is associated with Graves’ disease in a variable percentage of cases, 
which White** estimates as being between 0 and 40 per cent. These 
variations are due in part to the strictness with which the different 
observers eliminated causes of cardiac hypertrophy other than Graves’ 
disease itself. Recent investigators have in general been careful to 
eliminate from their statisties eases with essential hypertension, rheu- 
matic heart disease, and other associated cardiopathies. It is equally 
important, we believe, to set aside those cases in which auricular fibrilla- 
tion and eardiae failure have developed, even though these complications 
are themselves part of the Graves’ disease. There can be no difference 
of opinion as to the development of dilatation and hypertrophy when 
cardiae failure supervenes, no matter what its etiology. This is, there- 
fore, also to be expected when cardiac failure develops in Graves’ dis- 
ease. The significance of auricular fibrillation and its relationship to 
cardiac hypertrophy will be considered later. At present it may be 
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stated that fibrillation is a new factor added to the Graves’ disease per 
se, and in our consideration cases with established auricular fibrillation 
will be segregated from those that are entirely uncomplicated. 

This report will deal with an attempt to answer the following ques- 
tions: (1) Does eardiae hypertrophy oceur in Graves’ disease? (2) 
Under what circumstances does such hypertrophy oceur? (3) What is 
the effect of the altered circulatory dynamics in determining whether 
the hyperthyroid heart will respond by hypertrophy? 

Our considerations will be based on the results of various post-mortem 
examinations reported in the literature and upon our personal observa- 
tions of autopsied cases of Graves’ disease. 


POST-MORTEM OBSERVATIONS OF HEARTS IN HYPERTHYROIDISM 


The observations based on post-mortem studies of the hyperthyroid 
heart appear uniformly to support the oeceurrence of hypertrophy in a 
considerable percentage of cases. Weller and his coworkers*™ are almost 
alone in their opposition to this conelusion, but. it may be justly objected 
that this opposition is based essentially on the microscopic evaluation of 
the presence of hypertrophy. They support their conclusions, however, 
by pointing out that the mean weight of thirty-five hearts of patients 
with Graves’ disease was 393 + 46 gm., while the controls averaged 
323 + 75 gm. The authors do not lay much stress on the difference of 
70 gm. in the mean eardiae weights because of the great variability in 
both series. The average heart in Graves’ disease exceeded the average 
control by 47+ 94 gm., which fact indicates that this excess is not sta- 
tistically significant. It should be noted that an average weight of 393 
gm. would ordinarily indicate hypertrophy of the heart, but the authors’ 
data present no information as to the body weights or the occurrence 
of associated hypertension, cardiae failure, or auricular fibrillation. 

Fahr and Kiihle*® report the presence of hypertrophy and dilatation 
in 23 of 27 cases of what they term Kropfherz. Of their 27 cases, only 
18 inelude patients with Graves’ disease. The other 9 are cases of 
colloid goiter in patients who clinically showed evidence of cardiae dis- 
ease. While the hearts in 23 of the total number of patients were sup- 
posed to be hypertrophied, this judgment was based on the pathologist’s 
gross description together with the clinical evaluation of the heart’s size. 
An ‘actual study of the heart weights given in some of the case protocols 
indicates that the significantly large hearts were present in the group of 
9 cases which are not examples of Graves’ disease. Furthermore, in at 
least 7 of these 9 it is clear that the cardiae symptoms were due to rheu- 
matic fever, severe coronary sclerosis or thrombosis, marked hyper- 
tension, or cardiae failure. 

Of their 18 cases of Graves’ disease, only 2 of the hearts weighed more 
than 350 gm. (and less than 400), while 3 others weighed between 300 
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and 350, and the average for 14 of these cases in which the heart weight 
was available was 279 gm. This compares with Smith’s average of 250 
gm. for females and 294 for males and Walmsley’s average of 300 for 
females and 325 for males. Thus this group of cases shows a normal 
average cardiae weight although there was at least one case of cardiac 
failure. 

Willius, Boothby, and Wilson*® reported eardiae hypertrophy at 
autopsy in 16 of 21 cases. In this report, individual cases are not avail- 
able for analysis. Only 2 have definitely hypertrophied hearts. The 
others are said to show a 5 to 10 per cent increase in weight. In this 
study, patients with hypertension, rheumatic fever, and eardiae failure 
are not excluded, and more than half of the patients were beyond the 
age of forty-five years. 

Lang*’ reported partial or generalized hypertrophy of the heart in all 
of his eighteen cases. Inasmuch as he does not present individual case 
reports, one cannot comment on the significance of his findings. 

Barker, Bohning, and Wilson** noted the presence of cardiae hyper- 
trophy, seldom pronounced, in thirteen thyroid hearts, as indicated by 
an average weight of 438 gm. While the individual heart weights are 
not available, it is clear that some of these patients suffered from hyper- 
tension and that in 63 per cent of these cases there was some degree of 
eardiae failure. 

Kepler and Barnes* in a series of eighty-six cases of hyperthyroidism 
without hypertension or other forms of heart disease found 49 per cent 
of the hearts to exceed the maximum normal weight as given by Smith,** 
and in 35 per cent of the cases to exceed this maximum normal weight 
by more than 20 gm. Detailed case reports and individual heart weights 
are not presented. However, in view of the disagreement as to the range 
of normal weights, too much importance cannot be attached to the cases 
that just exceeded Smith’s maximum weight. No information is avail- 
able in this report as to the exact amount by which these hearts exceeded 
Smith’s maximum. There is no statement as to how many of the pa- 
tients were suffering from auricular fibrillation or slight or moderate 
degrees of failure. It is clear, however, that nine of the cases included 
in the series showed severe failure. Since only sixteen of the eighty-six 
hearts weighed more than 400 gm. and only one of these weighed more 
than 500 gm., there was apparently no general occurrence of marked 
cardiae hypertrophy. In at least nine, and perhaps in all of them, the 
hypertrophy could be explained on the basis of cardiac failure. 

Parkinson and Cookson"* reported studies of the size and shape of the 
heart in toxie goiter and ineluded observations on forty-three autopsied 
eases. They noted cardiac hypertrophy in twenty-two of these. As their 
report contains considerable detail with respect to individual cases, it 
lends itself to analysis more readily than those just discussed. Smith’s 
values for normal hearts cannot be applied because the series does not 
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inelude the patient’s usual body weight. Comparison of the given heart 
weights may be made with Walmsley’s figures”* for normal heart weights 
which are accepted by these authors. While Parkinson and Cookson’s 
protocols contain heart weights, their conclusion as to the existence of 
hypertrophy is based on the personal opinion of the pathologist who 
described the hearts, and not on the actual weights themselves as com- 
pared with normal hearts. 

Analysis of the individual cases reveals the following: Only 11 of the 
43 eases exceeded Walmsley’s maximum average weight of 320 to 340 
gm. Five of these 11 patients suffered from auricular fibrillation, ear- 
diae failure, or both. None of the remaining 6 hearts weighed more than 
400 gm.; i.e., the hypertrophy was slight. One ease showed rheumatie 
endocarditis. Some of these 6 patients may have suffered from hyper- 
tension which was said by the authors to exist in certain unspecified 
cases. 

If the 5 patients suffering from eardiae failure or fibrillation ate ex- 
eluded from the series of 22 so-called hypertrophied hearts, the aver- 
age weight of the remaining 17 hearts is 298.gm., as compared with 274 
gm. for the group of 21 ‘‘nonhypertrophied’’ hearts. The average weight 
of the ‘‘hypertrophied’’ group, therefore, exceeded that of the ‘‘non- 
hypertrophied’’ group by less than 10 per cent, and was well within the 
mean normal range given by Walmsley (310 to 340 gm. for males, and 
280 to 320 gm. for females). Thus on the basis of heart weight, 11 of 
the 43 hearts at most could be considered hypertrophied. Five of these 
11 were hearts of patients with Graves’ disease, complicated by auricular 
fibrillation or failure, and some or all of the remaining 6 were associated 
with hypertension. None of the latter 6 showed any marked degree of 
hypertrophy. 

The review of these post-mortem studies reveals a high incidence of 
eardiae hypertrophy in Graves’ disease. This incidence is greatly dimin- 
ished if the diagnosis of hypertrophy is based on cardiae weights rather 
than on the pathologist’s gross or microscopic description. The incidence 
is further diminished if dubious cases of Graves’ disease are omitted, and 
if cases with associated hypertension or inflammatory or arteriosclerotic 
heart disease are eliminated. The remaining hypertrophied hearts fre- 
quently oecurred in patients with cardiae failure or auricular fibrillation 
or both. If these cases are segregated, an indefinite, but quite small, 
percentage of cases remains in which eardiae hypertrophy of slight de- 
gree may be ascribed to the uncomplicated Graves’ disease itself. 


PERSONAL OBSERVATIONS 


Because of the disagreement in the literature as to the incidence and 
degree of cardiac hypertrophy in Graves’ disease, and because the pub- 
lished material does not adequately permit the necessary detailed case 
analysis, we have carefully studied the clinical histories and hearts of 
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twenty-seven cases of Graves’ disease which have come to post-mortem 
examination at the Mount Sinai Hospital in the past eleven years. An 
additional group of cases in which the diagnosis was not absolutely cer- 
tain or in which the data were inadequate was not utilized. No case of 
rheumatic heart disease was included. The hearts were studied anatom- 
ically both grossly and microscopically for the presence of associated 
cardiac abnormalities. In almost all cases the usual body weights (i.e., 
before the patient’s illness reached the degree of severity requiring 
hospitalization) as well as those on admission were recorded. Several 
blood pressure readings were generally available. Careful evaluation 
was made as to the presence of hypertension and cardiae failure as well 
as of auricular fibrillation. The diagnosis of hypertension was made 
when the diastolic blood pressure was above 90 mm. or the systolic 
above 160 mm. The diagnosis of heart failure in these cases was based 
on the presence of symptoms and signs of left and right heart failure 
including orthopnea, cyanosis, peripheral edema, hepatic enlargement, 
ascites, increased venous pressure and circulation time, and pathological 
evidence of chronie passive congestion. While clinical and electro- 
eardiographie data were studied, the diagnosis of coronary artery disease 
was based essentially on anatomical study of the vessels post mortem. 

The hearts of these patients were studied with respect to weight and 
associated cardiae disease. The clinical history was studied with refer- 
ence to the patient’s weight, the existence and duration of auricular 
fibrillation, the presence of hypertension and of cardiae failure, the 
latter being confirmed by the evidence obtained at necropsy. These 
data are presented in Table IT. 

Fourteen of the 27 eases were considered as showing hypertrophy and 
thirteen as being within the range of normal heart weights (Table IIT). 
Both groups had an average age of forty-five years. Smith’s figures for 
the normal range of heart weights for any given body weight were 
utilized as the basis for comparison. The patient’s usual body weight 
was used to compute the expected normal cardiac weight. In a few 
eases in which the patient’s exact weight was not available, the heart 
was considered hypertrophied if it exceeded Walmsley’s maximum 
value for the mean range of normal eardiae weights. One heart (Case 
4), included in the nonhypertrophied group, slightly exceeded the maxi- 
mum normal weight as caleulated from the body weight. However, this 
heart, weighing only 250 gm., could hardly be considered hypertrophied. 
Furthermore, it is probable the patient had lost considerable weight so 
that the body weight used as a basis for caleulation was much below her 


usual body weight. 

Six of the fourteen hypertrophied hearts oceurred in patients who 
were suffering from definite symptoms of right heart failure. These 
hearts showed the highest percentage of hypertrophy of any in the 
series (40 per cent to 122 per cent beyond the maximum normal). Three 
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of the six patients with heart failure also suffered from auricular fibril- 
lation, and there were three additional cases with established fibrillation 
in patients who did not show significant symptoms of heart failure. Five 
patients were suffering from hypertension, three of these being included 
in the six cases with heart failure. Thus, eight of the fourteen hyper- 
trophied hearts occurred in patients suffering either from cardiac failure 
or hypertension or both. 

Of the six remaining hearts (and in these the hypertrophy was least 
marked) two (Cases 8 and 18) were in patients with auricular fibrilla- 
tion; one of these and two additional cases (Cases 12 and 14) also 
showed severe coronary narrowing. There thus remained only two cases 
(Cases 5 and 22) of hyperthyroidism which showed ecardiae hypertrophy 
(and that only of relatively slight degree) which did not suffer from 
eardiae failure, hypertension, auricular fibrillation, severe coronary 
sclerosis, or combinations of these conditions. Auricular fibrillation ap- 
peared to be a less significant factor as regards the degree of hyper- 
trophy produced than hypertension or cardiae failure, except so far 
as it, itself, helped to produce the eardiae failure. It is also noteworthy 
that, in two (Cases 8 and 22) of the six apparently hypertrophted hearts 
without cardiae failure or hypertension, the presence of cardiae hyper- 
trophy was uncertain, in view of the lack of data as to the patient’s 
usual weight. Also three of these six cases showed severe coronary nar- 
rowing. In summary, only six of the total number of twenty-seven 
hearts (22.2 per cent) showed eardiae hypertrophy which could not 
readily be explained as being due to severe cardiac failure or hyper- 
tension. Only two of the twenty-seven (7 per cent) showed hyper- 
trophy independent of the above conditions and of severe coronary nar- 
rowing and of auricular fibrillation, and these were among the cases 
showing the slightest degree of hypertrophy. 

In this series of cases, therefore, we seem to substantiate more clearly 
the implications of our analysis of post-mortem cases in the literature, 
that cardiac hypertrophy occurs infrequently and only to a slight degree 
in Graves’ disease uncomplicated by eardiae failure, auricular fibrilla- 
tion, hypertension, or some associated cardiopathy. Only when these 
complications are not carefully excluded, do the figures for hypertrophy 


_reach 50 per cent in cases of Graves’ disease. 


Considering the cases with nonhypertrophied hearts, it might be said 
that almost invariably the converse of the above is true, namely, that 
in the absence of cardiac failure, hypertension, associated cardiopathy 
or auricular fibrillation, cardiac hypertrophy does not occur in Graves’ 
disease. Only occasional exceptions to this statement are presented. In 
one case (Case 7) there was a labile blood pressure, occasionally reach- 
ing the range which we would term hypertension. In another case 
(Case 24) the systolic pressure was high, while the diastolic pressure was 
within normal limits. In one case without hypertrophy there was 
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auricular fibrillation of unknown duration, and in one (Case 17) fibril- 
lation only shortly before death. In none of the patients of this group 
was there definite clinical evidence of moderate or severe cardiac failure. 
In one of these cases (Case 15) there appeared to be terminal clinical 
evidence of cardiae failure (edema, elevated venous pressure, and en- 
larged liver), but this was complicated by the finding of hepatic cir- 
rhosis at autopsy. In another case (Case 25), while there was no clin- 
ical evidence of cardiae failure, post-mortem examination showed some 
evidences of passive congestion of the viscera. While there were many 
small hearts in this nonhypertrophied group, none of them could be 
truly said to have shown atrophy, as measured by Smith’s normal stand- 
ards. In summarizing the entire group, it appears that there is an al- 
most perfect correlation between uncomplicated Graves’ disease and 
normal cardiae size and likewise an almost perfect correlation between 
the occurrence of hypertrophy and the presence of hypertension, cardiac 
failure, cardiopathy, and auricular fibrillation. 


CIRCULATORY DYNAMICS OF GRAVES’ DISEASE AS RELATED TO CARDIAC SIZE 


The various observers who have accepted the existence of cardiac 
hypertrophy in Graves’ disease have attempted to explain its oceur- 
rence either on the basis of myocardial damage or on the mechanical 
effects of altered circulatory dynamics. The studies of Means and 
Richardson,*® MeEachern and Rake,*' Rake and MecEachern,*? Weller 
and his coworkers,** Thomas,” and others indicate clearly that the 
amount of demonstrable myocardial damage is inadequate to explain the 
development of cardiae hypertrophy. In our detailed macroscopic and 
microscopic study of the above cases we were likewise unable to find 
any constant significant pathological alterations which could be ascribed 
to Graves’ disease. Of course these findings do not preclude the possi- 
bility that the excessive or abnormal thyroid secretion may have caused 
sufficient functional damage to lead to fibrillation and eardiae failure. 
In the latter event, cardiae dilatation and hypertrophy could occur see- 
ondarily as a result of failure. 

The most significant changes in circulatory dynamies generally ac- 
cepted as occurring in Graves’ disease include tachyeardia, increased 
pulse pressure, widening of the peripheral vascular bed, increased speed 
of the circulation, increased blood volume, increased venous return to 
the heart, and increased minute eardiae output. These factors have 
been invoked singly and jointly to explain eardiae hypertrophy in 
Graves’ disease. Boas*® pointed out that the vessels in the thyroid 
eland may become so enlarged that an arteriovenous fistula is simu- 
lated in this organ. He believed that this may play a part in overload- 
ing the heart by producing an increase in the minute output. This in 
turn may contribute to dilatation and hypertrophy and ultimately to 
failure. Many authors have explained the development of cardiae hyper- 
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trophy as the result of increased cardiae work. This point of view in- 
dicates essentially that the increase in cardiac weight occurs in Graves’ 
disease as the result of work hypertrophy. 

There is considerable evidence that work hypertrophy in this sense of 
the term does not oceur. (Horvath,** von Frey,*® Hasebroek,*® von 
Weiszicker,*’ ete.) According to Wiggers,** an increased minute vol- 
ume or a tachyeardia does not in itself result in cardiac hypertrophy. 
Without reviewing the varied experimental, clinical, and pathological 
evidence supporting these conclusions, it need merely be emphasized 
that all observers, even those reporting the occurrence of hypertrophy 
in Graves’ disease, admit that normal eardiae size is at least as fre- 
quent. Since tachyeardia and increased minute output are practically 
invariable in Graves’ disease, one would expect few or no exceptions to 
the occurrence of hypertrophy if these factors in themselves were capa- 
ble of producing it. 

The best available evidence indicates that eardiae dilatation and 
hypertrophy are, in general, responses to an inereased diastolic tension 
or lengthening of the cardiac muscle fibers. Such increase in tension 
results from any factor which inereases the diastolic volume of blood in 
the eardiae chambers. When this occurs, the effect of the dilatation 
with the consequent increase in diastolie tension results in a more foree- 
ful contraction and increased systolic output, thus enabling the heart 
to eject the larger quantity of blood (the law of the heart). Hyper- 
trophy is apparently the result of the same stimulus as dilatation but 
requires time for its development. If the cardiae rate is constant, dila- 
tation and eventually hypertrophy oceur as a result of factors which 
(1) either increase the resistance to outflow from the heart, (2) in- 
crease the inflow to the heart, or (3) produce severe myocardial weak- 
ness. The first two are mechanical factors which explain the oeeur- 
rence of hypertrophy in valvular disease, essential hypertension, and 
arteriovenous aneurysm, as well as the cases of Graves’ disease with 
hypertension. In the third group the cardiae muscle suffers intense 
damage so that it is unable to expel its normal diastolic content of 
blood, and it undergoes dilatation and hypertrophy in an attempt to 
compensate for the increasing residuum of blood. This is the explana- 
tion for dilatation and hypertrophy in various forms of infectious myo- 
carditis, in oceasional cases of severe coronary sclerosis and thrombosis, 
and with intense toxic damage to the myocardium, such as probably 
oceurs in Graves’ disease when the heart is injured sufficiently to cause 
failure. This explanation could apply to the eases in the above series 
in which eardiae hypertrophy was present in eases of Graves’ disease 
associated with right and left heart failure. 

In the eases of Graves’ disease unassociated with cardiae failure or 
hypertension, there is neither adequate myocardial damage nor increased 
resistance to outflow to lead to eardiae hypertrophy. However, the 
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various changes in circulatory dynamies all tend to produce a marked 
increase in the venous return to the heart and increase in eardiac out- 
put per minute. There are two compensatory mechanisms for handling 
the increased venous return; namely, by an increased rate of cardiac 
contraction with the same output per beat, or by a constant rate with 
increased ejection per beat. Both of these may be increased in vary- 
ing degree. 

As stated above, the tachyeardia in itself will not result in dilatation 
and hypertrophy. These will occur only to the extent that the increase 
in cardiac output results from an increased diastolic volume and con- 
sequent increased systolic output. In eases of true arteriovenous aneu- 
rysm, the increased return to the heart is essentially handled by an in- 
creased systolic output sinee there is no significant tachyeardia. Thus, 
eardiae hypertrophy of marked degree is generally present. In Graves’ 
disease, however, a significant tachycardia is an essential feature of the 
disease. The occurrence of hypertrophy depends on the extent to which 
the increased cardiac output per minute is due to an increased output 
per beat. In other words, systolic output rather than minute volume 
is important in the production of eardiae hypertrophy. 

The importance of the systolic output rather than of the minute out- 
put in determining cardiae hypertrophy in Graves’ disease has hardly 
been considered except in a brief comment by Harrison.*® There is, 
furthermore, no uniform agreement as to whether the output per beat 
is actually increased in Graves’ disease. In some of the reports indicat- 
ing a marked increase in the minute cardiac output, there is no state- 
ment as to the stroke output nor are there adequate data from which this 
can be computed. The findings of Field, Bock, Gildea, and Lathrop,*° 
of Davies, Meakins, and Sands,*! showing an increased stroke output, 
and of Rabinowiteh and Bazin®? and of Plesch*®* showing a slight 
diminution in systolic output have been subjected to criticism because 
of the questionable accuracy of their methods. The more recent state- 
ments that the systolic output is increased in Graves’ disease depend on 
the observations of Fullerton and Harrop.** These. authors studied the 
cardiac output in eight cases of Graves’ disease before and after lugo- 
lization and thyroidectomy. Both the minute volume and the systolic 
output diminished after thyroidectomy. They, therefore, concluded 
that the systolic output had been elevated in these cases before treat- 
ment. An analysis of their figures, however, shows that the average 
systolic output before operation was 57 e.c. which is slightly less than 
Grollman’s®’ average of 62 ¢.c. and well within the range of 38 to 84 e.e. 
for normal individuals. Since their average minute cardiac output of 
5.5 1. is considerably higher than Grollman’s average of 3.87 1. per min- 
ute for normal persons; it is clear that, while the minute volume was 
definitely elevated in their cases of Graves’ disease, this elevation was 
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entirely due to tachycardia. The reduction in systolic output from an 
average normal figure to a low normal one following treatment cannot 
be taken to indicate that the original value was abnormally high. Thus 
the experiments of Blalock and Harrison®® on normal dogs indieate that 
thyroidectomy can cause a reduction in systolic output even when this 
is originally normal. Furthermore, they found that on feeding thyroid 
to animals, the eardiae output could be increased purely as a result of 
tachyeardia, the systolic output in fact being diminished. Bansi®’ and 
Bansi and Groseurth*®* found that the stroke volume tended to be dimin- 
ished in Graves’ disease. Finally in eleven cases of uncomplicated, fully 
developed Graves’ disease, Liljestrand and Stenstrém®® found a marked 
inerease in cardiae output, but the systolie output was within normal 
limits. The average systolic output was 63 ¢.c. and the range was be- 
tween 49 and 83 ¢.c. This corresponds to Grollman’s average of 62 ¢.c. 
and range of 38 to 84 ¢.c. for normal individuals. 

Thus there is no convincing proof that the systolic output is increased 
in Graves’ disease. The considerable increase in minute output is 
brought about entirely or almost entirely by means of an increased pulse 
rate, the diastolic volume of the heart remaining constant. On this 
basis one would expect that hypertrophy would be either entirely absent 
or very slight in Graves’ disease. An analysis of actual cardiac weights 
such as we have presented supports these theoretical considerations. 
The oceasional instance in which hypertrophy is present (independent 
of eardiae failure, associated cardiopathy, fibrillation or hypertension ) 
may be explained either by the uncertainty as to the exact range of nor- 
mal eardiae weights or by the fact that patients may differ somewhat in 
the extent to which the tachyeardia will completely compensate for the 
increased venous return to the heart. Thus, occasionally, as seen in the 
figures of Fullerton and Harrop,” in addition to the tachyeardia a pa- 
tient may show a slight absolute increase in his systolic output. In such 
a case there will be a slight degree of cardiae hypertrophy. 

Our observations indicate that, so far as hypertension is a factor in 
the production of: hypertrophy, this may be only of the systolic 
variety. Furthermore, a high pulse pressure in the absence of either 
systolic or diastolic hypertension did not cause hypertrophy. 

The relationship of established auricular fibrillation to the develop- 
ment of cardiac hypertrophy is not entirely clear. There are no ade- 
quate studies on the effect of established auricular fibrillation on heart 
size in the absence of organic heart disease. When auricular fibrillation 
is present, it is almost invariably associated with clinical evidence of 
organic heart disease, as indicated by the recent report of Maher and 
Sittler.°° The very presence of this arrhythmia is indicative of a rather 
marked toxic effect on the heart. Almost always the fibrillation, if pro- 
longed, is associated with cardiac failure. The failure probably results 
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from the same toxie injury to the myocardium that produced the auric- 
ular fibrillation, but the development of fibrillation may hasten or pre- 
cipitate the onset of failure. 

In two of our cases included among the hypertrophied hearts, there 
was auricular fibrillation without hypertension or ecardiae failure. One 
of these (Case 18) showed the next to the least degree of hypertrophy 
in the series. In the other (Case 8) the presence and degree of hyper- 
trophy were uncertain because the patient’s body weight was unknown. 
Since in a third case with established fibrillation (Case 6) there was no 
hypertrophy at all, hypertrophy is not an invariable consequence of this 
arrhythmia. When hypertrophy did result, it could be postulated that 
the fibrillation was already associated with early cardiae failure insuffi- 
cient to show overt clinical signs. On the other hand, these two cases, 
as well as the other two of uneomplicated Graves’ disease showing 
eardiae hypertrophy, might be interpreted as forming that small per- 
centage in which the increased minute cardiae output is partly effected 
by a minor increase in stroke output with consequent development of 
hypertrophy. 

SUMMARY 


1. A study was made of the occurrence and pathogenesis of cardiac 
hypertrophy in 27 fatal eases of Graves’ disease, in which the hearts 
were studied anatomically. A heart was considered hypertrophied if its 
weight exceeded Smith’s standard of maximum normal heart weight for 
a given body weight and sex. In a few eases in which body weights 
were not available, a heart was considered hypertrophied if it exceeded 
Walmsley’s maximum for the mean range of normal heart weights. 

2. Among these twenty-seven cases cardiac hypertrophy was found 
present in fourteen (52 per cent) and absent in thirteen. 

3. The six hearts showing the greatest degree of hypertrophy (40 to 
122 per cent increase in heart weight) occurred in patients with well- 
marked right heart failure, associated in some cases with hypertension, 
severe coronary sclerosis and narrowing, or established auricular fibril- 
lation. In two other cases with moderate cardiac hypertrophy there 
was essential hypertension without cardiae failure. Two other patients 
with slight or uncertain hypertrophy had suffered from established 
auricular fibrillation and in one of these there was also severe coronary 
sclerosis. 

4. Only four of the twenty-seven cases of Graves’ disease (14 per 
cent) showed cardiac hypertrophy independent of cardiac failure, essen- 
tial hypertension or auricular fibrillation. In two of these there was 
marked coronary sclerosis. These cases showed the mildest degree of 
cardiac hypertrophy. Thus only two cases (7 per cent) showed cardiac 
hypertrophy (of very slight degree) independent of the various patho- 
logical states just mentioned. 
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5. A study of the literature reveals an almost general agreement that 
cardiac enlargement or hypertrophy occurs in from 30 to 50 per cent 
of the cases. The implication in these reports is that the eardiae en- 
largement is a direct consequence of Graves’ disease, but no adequate 
explanation is provided as to why eardiae enlargement is not invariably 
present, or what specific factors determine the occurrence of enlarge- 
ment in some eases but not in others. Considering only the autopsied 
eases, it is evident that where specifie case reports are available, such 
hypertrophy occurred almost invariably in association with eardiae fail- 
ure, essential hypertension, auricular fibrillation or severe coronary 
artery disease. 

6. The commonest explanation of cardiae hypertrophy in Graves’ dis- 
ease is that it results from the increased work of the heart as indieated 
by inereased cardiae output. It is pointed out, however, that increased 
eardiae output in Graves’ disease is almost always due to tachycardia 
alone, while the systolic output almost invariably is not elevated. Since 
dilatation and hypertrophy depend on the increased diastolic tension 
which would be translated into increased systolic output, there should 
theoretically be no significant hypertrophy in uncomplicated cases of 
Graves’ disease. 

7. The relationship of cardiae failure, hypertension, and auricular 
fibrillation to eardiae hypertrophy is discussed. 

8. It is coneluded that cardiac hypertrophy in uneomplicated Graves’ 
disease is quite uncommon and is of slight degree. When present in a 
given case it indicates that the increased ecardiae output in that case 
was effected not only by tachyeardia but also by an increased systolic 


output. 


The authors wish to thank Dr. R. Lewisohn and Dr. Edwin Beer for the use of 
the cases on their services. 
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Department of Clinical Reports 


SUBACUTE STREPTOCOCCUS VIRIDANS ENDOCARDITIS 
—FAILURE OF HUMAN IMMUNE TRANSFUSION 
AND SERUM THERAPY* 


EvuGeENE 8. M.D. 
San FrRANcisco, CAuir. 


' ‘HREE therapeutic failures are here put on record because in them 
the trials of human immune transfusion and serum therapy were 


carried farther than would be possible ordinarily, and farther than 
in most of the hitherto reported like attempts. 

Similar treatment of this disease in amounts comparable to those 
here employed has been described in satisfactory detail for only three 
Lamb! gave 2,600 ¢.c. immune blood in the 


or four previous cases. 
course of several transfusions and later gave serum from an immunized 
horse. His patient died and apparently received no more benefit from 
the immune blood than he would have from nonimmune transfusion. 
A patient of Howell, Portis, and Beverley? died after receiving 3,100 
¢.c. whole immune blood in twelve transfusions. Kurtz and White,° 
after withdrawing 1,000 ¢.c. blood from their patient, transfused 1,800 
e.c. at once from three immunized donors, and in the next fifteen weeks 
gave five 500 ¢.c. immune transfusions. Their patient died after a 
seventeen months’ illness, and they recognized no appreciable beneficial 
effects of the treatment. 

Kurtz and White analyze the literature on the immune hemotherapy 
of this disease, and refer to the reports of Wordley,* Robertson,° 
Dick,® and of Howell, Portis, and Beverley? as encouraging. As al- 
ready stated, the patient of the last named authors died—one week 
after the last transfusion—and the encouragement was derived merely 
from the apparent clinical improvement for a few days following each 


transfusion and from some increase in the patient’s agglutinins for 
Wordley’s patient recovered after three 


the infecting organisms. 
‘“ansfusions’’ ste and Dr. Wordley 
immunotransfusions’’ (amounts not stated), and Dr. Wordley now 


kindly writes to me that the man is still well, ten years after treat- 
ment. The donors were immunized with stock vaccine, not the patient’s 
organism. Unfortunately I cannot feel with Kurtz and White that 
this was a typical case of subacute bacterial endocarditis. Blood 
cultures were sterile; the fever apparently was more violent than most 


*From the Department of Medicine, University of California Medical School. 
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commonly occurs in this disease ; there were petechiae and sudden en- 
largement and tenderness of the spleen but not the so common small 
tender cutaneous nodules; and the diagnosis of valvulitis rested only 
on reduplication of the first heart sound at one time, a soft apical 
systolic murmur at the height of the fever, and a ‘“‘blurring of the 
first cardiac sound on exertion’’ after recovery. 

Robertson reports no case of his own, but refers to one published 
by Heyd.* This patient was given ‘‘about six transfusions of from 
200 to 350 ¢.c.”’ from a donor previously immunized to the Strepto- 
coccus viridans obtained from the patient’s blood; and ‘‘at the end 
of three months the blood culture was negative and clinically the 
patient was cured.’’ No diagnostic details are given other than the 
designation ‘‘a case of endocarditis’’; and Dr. Heyd writes me that 
he has no knowledge of the patient’s later history. In view of the 
frequency of remissions, this report would be unacceptable evidence 
of a cure even if satisfactory diagnostic data were supplied. Dick’s 
patient received within a few days four transfusions of 25 ¢.c. each 
from an immunized donor, was thought to feel better after each, but 
died suddeniy two days after the last. Since the paper by Kurtz and 
White, Sinek® has described two further trials of immune transfusions 
for this disease, apparently in small amounts. Both were failures. 


CASE REPORTS 


Case 1.—(Referred by Dr. J. L. Mudd of Merced, Calif., and treatment carried 
out by him.) A rancher, aged twenty-five years, came from Italy to California ten 
years ago. He denied having had rheumatism previously and all other infectious dis- 
eases except ‘‘influenza’’ for a few days in 1928 and nondisabling pain in fingers, 
wrists, and ankles for a few weeks in 1930. In August, 1932, there were vague, 
bilateral chest pain, albuminuria with a few casts and many bacteria, 15,000 white 
cells, and 3,500,000 red cells; he continued work. In early December, 1932, he had 
sore throat, headache, and anorexia. A week later he quit work because of a swollen, 
painful wrist; in a few days the wrist improved, and an ankle swelled and hurt; 
and from then on he suffered migrating pain without swelling in various joints 
and muscles, with malaise, anorexia, constipation, loss of weight, low fever, frequent 
night sweats, and an occasional chill. Twice in January, 1933, he had rather severe 
pain for one day—once in the left flank, once in the right flank. Hospital observation 
in San Francisco, January 23-30, revealed a rather thin and pale man, with a small, 
tender, slightly elevated, but not discolored, spot the size of a pinhead on one finger 
pad, another on one palm—both spots disappearing in two or three days. The 
apex impulse and dullness were 2 cm, outside nipple line with soft blowing systolic 
murmur at apex; blood pressure was 110/85; liver and spleen were not enlarged; 
and remainder of physical examination was not remarkable. Some albuminuria 
was present with a few hyaline and granular casts and leucocytes; hemoglobin, 62 
per cent, red cells, 3,480,000; white cells, 12,150 (90 per cent neutrophiles) ; Wasser- 
mann test, negative; electrocardiogram, normal. Streptococcus viridans in two blood 
cultures. 

Irregular fever, usually 38° to 59° C. and oceasionally 40° C. in the afternoon, 
continued during hospitalization and thereafter. Small, tender, reddish, indurated 
spots appeared repeatedly on various parts of the body, and several times deeper 
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pain lasting for a day or two was interpreted as embolism to the spleen and elsewhere. 
A third blood culture in March and a fourth in April remained sterile after ten 
days’ incubation; a fifth in May produced the same organism. Before beginning the 
transfusions in March the hemoglobin had declined to 42 per cent and the red cells 
to 2,820,000. 

Treatment.—In addition to symptomatic measures, immunotherapy was attempted 
with the cooperation of six of the patient’s relatives—all robust men, with negative 
Wassermann tests, aged about twenty-five to forty-five years. Under the direction 
of Dr. Karl Meyer, vaccine was prepared from the patient’s organism (Strepto- 
coccus viridans alpha) without heat, the organisms being killed by merthiolate 
1:5,000 and used in a dilution of 1,000,000 to the cubic centimeter in normal salt 
solution. In rotation each of the subjects was given vaccine subcutaneously about 
as follows: 0.1 ¢.c. (in some 0.2) every other day for three doses; four or five days’ 
rest; three doses of 0.4 ¢.c. at forty-eight-hour intervals; then a similar rest period 
followed by three doses of 0.6 ¢.c.; another rest; and finally three doses of 1.5 c.c., 
the whole initial period of immunization lasting about thirty-three days. Following 
this their serums all showed a moderate agglutinin response (3- or 4-plus reaction 
in 1:40 dilution), whereas it had been weak or absent in a 1:20 dilution in the early 
stage of immunization; and they were then used to contribute whole blood or serum. 
Two or three of them who served in the later treatments were given several more 
1.5 c.e. doses of vaccine. By direct matching of bloods, four were reported satis- 
factory for blood donors. With the use of two of these, however, reactions occurred, 
and thereafter their blood as well as that of the two who did not match was used 
for the production of serum. Two served repeatedly for transfusions, the citrate 
method being used. Over a period of sixty-five days, seven transfusions and seven 
intramuscular serum injections were given the patient, the last one a week before 
his death. The dates and amounts were as follows (B indicates transfusion of 
citrated blood, S indicates serum, and the numerals indicate quantities in ¢.c.): March 
25, 1933, B 200 (chill interrupted transfusion); March 31, B 250; April 8, B 300; 
April 17, B 50 (transfusion again interrupted by reaction); April 20, S 140; April 
24, B 270; April 28, S 93; May 2, B 300; May 4, S 130; May 8, S 125; May 13, 
S 90; May 19, B 290; May 24, 8 115; May 29, S 55. Total whole blood, 1,660 c.c.; 
total serum, 748 c.c. 

It was thought at times that the temperature was lower and that the patient felt 
better for two or three days after the transfusions or serum injections. A review of 
the chart, however, shows no consistent effect of the treatments; and the temperature 
was so irregular before treatment began that the few apparent remissions after 
treatments may be attributed to chance variations. Streptococci were found in the 
blood stream after six weeks of the treatment. The patient gradually lost strength 
and died June 6, 1933. Necropsy permit was refused. 


CASE 2.—Housewife, aged forty-five years, was born and brought up in Hungary. 
She had always been strong and well, and denied having had rheumatism and all other 
infectious diseases. In mid-July, 1935, she complained for three or four days of 
pain in the right flank and lower back. A few days later there was pain for a day 
or two in the right leg. Examination then showed slight paleness, a rather ‘‘ bumpy’’ 
first heart sound with blowing systolic murmur at the apex, a little tenderness but 
no swelling in the right calf, and on the palmar surface of one fingertip a tender, 
slightly elevated, pink spot the size of a pinhead. Two or three similar spots had 
been observed in the preceding week, each lasting a day or two, Otherwise physical 
examination was not remarkable—no evidence of cardiac or splenic enlargement, 
no suggestion of focal infection in mouth or throat. There were a slight trace of 
albumin, a few hyaline and granular casts and leucocytes in the urine. Hemoglobin 
was 56 per cent; red cells, 3,390,000; white cells, 10,500; neutrophiles, 80 per cent; 
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small lymphocytes, 16 per cent; eosinophiles, 1 per cent; transitionals, 3 per cent. 
Wassermann test negative. From Aug. 5, 1935, to her death January 8, 1936, the 
patient was observed in hospital. Streptococcus viridans was obtained in the first 
blood culture. There was continuous low grade fever. 

Treatment.—On the advice of Dr. Karl Meyer, the prospective donors for this 
patient were immunized with the patient’s organism prepared and administered ac- 
cording to the technic of Dr. A. P. Krueger.9 The ‘‘undenatured’’ vaccine (or- 
ganisms killed mechanically without heat or chemicals) was prepared through Dr. 
Krueger’s courtesy in his laboratory, 1 ¢.c. of the vaccine containing 1,000,000 
organisms. Each donor was immunized by hypodermic injections as follows: First 
day, 0.2 ¢.c.; second day, 0.2 ¢.c.; third day, 0.2 ¢.c.; fourth day, 0.3 ¢.c.; sixth day, 
0.3 ¢.¢.; eighth day, 0.4 ¢.c. On or soon after the tenth day he was bled. Thereafter, 
to maintain immunity, he was given 0.3 ¢.c. twice a week; or, if he had not received 
this sustaining immunization regularly, he was given 0.3 ¢.c. three times on alternate 
days before his next blood donation. 

The immune donors consisted of the patient’s husband, son, and five other healthy 
young men, all Wassermann negative. Three were utilized for direct transfusions; 
the other four contributed blood, the serum from which was injected intramuscu- 
larly. In the following treatment record B indicates direct blood transfusion, S in- 
dicates serum injection, and the numerals indicate quantities in ¢.c.: August 28, 
B 380; September 1, S 23; September 3, 8 35; September 4, S 32; September 5, S 40; 
September 7, S 50; September 8, S 51; September 9, S 53; September 10, S 40; 
September 11, B 420; September 20, S 10; September 21, S 50; September 24, S 7; 
September 25, S 40; October 10, B 450; October 29, S 50; October 30, S 50; 
November 2, S 45; November 7, B 450; November 23, S 50; November 25, S 50; 
November 28, S 50; December 11, S 45; December 13, B 510; December 14, S 50; 
December 16, S 32; December 20, S 50; December 24, S 55; December 26, S 42; 
December 28, B 510; December 30, S 50; January 2, S 50. In the four months’ 
treatment a total of 2,720 ¢.c. whole blood and 1,100 ¢.c. serum was administered. 

One of the transfusions was followed by a mild chill and a fever peak, then lower 
temperature for a few days; but on the whole the low, irregular fever characteristic 
of the disease remained as it had been before treatment. Embolie phenomena con- 
tinued to appear on the fingers and elsewhere, and on December 11 a second blood 
culture produced Streptococcus viridans. Except for atrial fibrillation for a day or 
two near the end, the heart signs were unchanged. The patient died by gradual 
exhaustion. Necropsy was not permitted. 


Case 3.—(Seen in consultation with Dr. Albert C. Daniels of San Rafael, Calif., 
who made the diagnosis and conducted the treatment.) A man aged twenty-two 
years, who had had rheumatic fever at the age of fourteen years, began to lose weight 
and strength in January, 1936. In March he had several chills, and from then on 
was hospitalized and had continuous irregular but usually high fever. The fingers 
were slightly clubbed; the heart was enlarged, with loud systolic murmur and later a 
faint early diastolic murmur. There was a moderate secondary anemia and leuco- 
cytosis. Small petechiae appeared on the skin and conjunctivae at times. The spleen 
was not demonstrably enlarged. Several blood cultures yielded Streptococcus viridans. 

Pending immunization of six donors with his own organism (by the method de- 
scribed for Case 2), the patient was given several nonimmune transfusions. In the 


fifteen-day period April 13-28 he received eight transfusions and four intramuscular 
injections of blood from the immunized donors—a total of 2,450 ¢.c. The citrate 
method was used; there were no reactions. A blood culture taken three days after 
the last dose of immune blood produced five colonies of Streptococcus viridans per 
cubie centimeter (before treatment one culture had shown 8 and another 6 colonies 
per cubic centimeter). 
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Later the patient was given three injections of gentian violet: 5, 8, and 10 milli- 
grams per kilogram of body weight, respectively. Blood culture taken on the day 
following each injection showed respectively one, four, and five colonies per cubic 
centimeter. 

After some of the transfusions, and after the first gentian violet injection, the 
patient professed to feel a little better; but throughout the treatment there was no 
consistent amelioration of the fever and general decline. He died in mid-June. 
Necropsy was refused. 


SUMMARY 


In three cases of subacute Streptococcus viridans endocarditis, groups 
of volunteers, immunized with the patients’ organisms, contributed 
blood by direct transfusion or (when incompatible) blood serum or 
blood for intramuscular injection. One patient, in a two-month period, 
received 1660 ¢.c. blood and 748 ¢.c. serum; another, in four months, 
2720 ¢.c. of blood and 1100 ¢.c. of serum; and the third in fifteen days 
received 2450 ¢.c. blood. All three were ‘‘improved’’ in their own and 
their families’ opinion, but in none could I see any beneficial effect 
other than temporary relief of anemia and the psychie uplift to be 
expected from any strange and elaborate treatment. Blood cultures 
remained positive; embolic phenomena and irregular fever continued ; 
and the patients gradually failed and died in the usual course of the 
disease. 

In the meager literature of intensive immune hemotherapy for this 
disease and in the more numerous reports of less serious efforts I find 
no unequivocal record of success. 
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PERSISTENT HICCOUGHS AS THE SOLE SYMPTOM OF 
THORACIC ANEURYSM* 


Report or A CASE 


S. A. LOEWENBERG, M.D., ANpb H. C. Marcu, M.D. 
PHILADELPHIA, Pa. 


HIS ease is being reported to call attention to the variability of 
symptoms in lower thoracic aneurysm. The only temporary dis- 
comfort noted by this patient was persistent and continuous hiccoughs. 
In spite of the intrathoracic crowding and the erosion of four dorsal 
vertebrae, neither chest pain nor circulatory or respiratory embarrass- 


ment was present. 


B. R., male, colored, aged fifty-four years, was admitted to the Philadelphia 
General Hospital on Nov. 18, 1935, with the chief complaint of persistent hiccoughs. 
He stated that he had been perfectly well until four days before admission to the 
hospital, when he developed a sense of ‘‘ giddiness in the head’’ and a dull ache in 
his right loin, which did not radiate. These sensations gradually disappeared within 
two days and were followed by hiccoughing, which was present constantly day and 
night up until admission to the hospital four days later. 

His past history was negative except for typhoid fever at the age of twenty- 
seven years. No history suggestive of syphilitic infection could be obtained from 
him. His family history was negative. He was a stevedore by trade and worked 
steadily until he developed dizziness and pain in his right loin, that is, until four 
days before he came to the hospital. He denied the use of alcohol. 

On examination the patient appeared to be a well-developed and moderately well- 
nourished male negro, looking considerably younger than his stated age. He was 
hiceoughing continually and appeared somewhat fatigued by this ordeal. 

There was a slight bilateral arcus senilis; the tonsils and pharynx were injected 
but caused no symptoms. The lung findings were negative except for restricted 
diaphragmatic excursions at the right base. Examination of the heart showed a 
diffuse precordial impulse, and a pulsation was visible in the first and second inter- 
spaces to the right of the sternum, over which area a thrill was palpable. There 
was also a slight pulsation over the lower portion of the sternum. The apex beat was 
palpable about 8 em. to the left of the midsternal line in the fifth intercostal space. 
On percussion, the left border of the heart approximated the position of the apex 
beat, while the right border of the heart extended to about 8 cm. to the right of the 
right sternal line. The supracardiac area of dullness was definitely enlarged, 
measuring about 10 em., the enlargement being chiefly to the right. The heart 
sounds were of fairly good muscular quality. A loud, harsh, systolic murmur 
was heard over the entire precordium. This murmur was of greater intensity and 
appeared somewhat more deep seated to the right of the sternum, while to the left 
of the sternum it gave the impression of being superficial and resembled, in quality, 
a pleuropericardial friction sound. The heart rate was somewhat rapid though 


*From the Medical Service of the Jeff. 
e Jefferson Medical College and Philadelphia 
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the rhythm was regular. The blood pressure in both arms was 130/75. With the 
exception of an atrophied left testis and a fairly rigid spine, no other abnormal 
physical signs were found. 


Fig. 1. Fig. 2. 


Fig. 3. Fig. 4. 


Fig. 1.—Showing size of heart and aortic shadows. 

Fig. 2.—Showing displacement and partial compression of esophagus (lateral view). 

Fig. 3.—Showing displacement and partial compression of esophagus (anterior 
view). 

Fig. 4.—Showing erosion of ninth, tenth, eleventh, and twelfth dorsal vertebrae. 


Laboratory Examination.—Urinalysis showed nothing abnormal. Blood sugar 
was 102. The blood count was within normal limits. Blood urea nitrogen was 11 
mg. Blood Wassermann reaction was four-plus. 
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Roentgenological Examination.—An x-ray film of the chest revealed a large, fairly 
homogeneous dense shadow occupying the area of the heart and the great vessels; 
the increase in size of this shadow above the normal appeared to be due chiefly to 
an aorta, markedly and diffusely dilated (Fig. 1). This finding was confirmed by 
fluoroscopic examination. The left border of the cardiae and the supracardiac 
dullness obtained by percussion did not extend as far to the left as the film indicates, 
because the descending aorta produces the left border of the roentgen shadow and 
it is not readily brought out by percussion. A lateral view of the chest showed the 
sweep of the dilated aorta. ‘ Fluoroscopiec examination was made with barium in the 
esophagus, and the films were taken. These are shown in Figs. 2 and 3. It is 
seen that the esophagus is displaced to the left and markedly anteriorly by a 
rounded mass, the size of a small grapefruit, behind and below the heart, at the level 
of the diaphragm. Figure 4 shows a lateral view of the lower dorsal vertebrae 
and shows erosion and destruction of the anterior parts of the bodies of the ninth, 
tenth, eleventh, and twelfth dorsal vertebrae by the pulsations of the aneurysmal 
mass. 

The electrocardiogram, with the exception of flattening of the T-waves in Lead I, 
showed nothing abnormal. 

While he was in the hospital, various methods such as gagging, the induction of 
emesis, sedation, rebreathing into a bag, CO, inhalations, and ethyl chloride freezing 
of the area overlying the phrenic nerve in the neck were employed in an effort to 
stop his hiecoughs. All these methods appeared effective for only a short time; the 
hiccoughs soon returned. However, they disappeared spontaneously on the patient ’s 
ninth day in the hospital. Another attack of hiccoughing occurred three months 
after his discharge from the hospital and was brought about by an unusual amount 
of strain while working as a stevedore. The attack lasted six days and disappeared 
spontaneously after a complete rest in bed. During the intervals when the hiccoughs 
were stopped, the patient felt well, and he claims that at no time had he any pain in 


-his chest, back, or abdomen. This is rather remarkable in view of the vertebral 


destruction. 
SUMMARY 


This case is of interest because it illustrates the fact that aneurysm 
of the thoracic aorta, while presenting definite physical signs, may not 
cause any pressure symptoms or other subjective signs usually found 
in this condition, particularly when associated with erosion of the bodies 
of some of the vertebrae. Hiccoughing was the only sign. It occurred 
only following severe strain, and disappeared after a period of complete 
rest. The patient also has an extensive fusiform dilatation of the 
ascending, tranverse, and descending‘ aorta as the® result of syphilitic 
involvement of these structures. Thedaek of pain, while not very un- 
usual, is noteworthy. 
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Gottdenker, F., and Rothberger, C. J.: Lactic Acid Metabolism of the Spon- 
taneously Failing Heart and in the Heart Poisoned With NaF, Monoiodoacetic 
Acid and With Euphylin. Pfliiger’s Arch. f. d. ges. Physiol. 237: 59, 1936. 


Experiments were made on the heart-lung preparation of the dog. In failure 
the lactic acid consumption decreased, and the heart even gave up lactic acid. 
NaF, monoiodoacetie acid, and euphylin inhibited lactic acid metabolism; the 


latter two at first, however, increased its metabolism. 
L.. N. K. 


Strauss, L. H.: Inhibition of Experimental Atherosclerosis by Potassium Iodide 
and Colloidal Silicic Acid. Ztschr. f. exper. Med. 98: 603, 1936. 


Inorganic iodine alone had no effect, but when combined with silicie acid, it 
inhibited experimental epinephrine sclerosis in 60 per cent of all instances and 


cholesterin atherosclerosis in 70 per cent of all instances. 
L. N. K. 


Schneyer, K.: Clinical Observations Upon the Question of Hypertension Follow- 
ing Extirpation of the Cardiac Pressor-Receptive Nerves. Klin. Wehnschr. 16: 


192, 1937. 


After reviewing the development of the experimental production of hyper- 
tension by excising or severing the nerves of the carotid sinus and aortic arch, 
the author proceeds to draw clear distinctions between hypertension produced in 
animals in this way and that seen to occur naturally in man. He studied 224 
individuals with systolic arterial pressures above 150 mm. Hg (only 50 were over 
200; and diastolic pressure is not mentioned) and 90 with pressures below 150 mm. 
Hg. Observations of (1) pulse rate, (2) effect of carotid pressure, and (3) 
closure of both carotid arteries by pressure were made. The findings and con- 
clusions follow. 

1. Cardiae rate is essentially normal and falls, in 80 per cent of cases, between 
60 and 80 beats per minute. Departure of rate from normal along with blood 
pressure does not then occur as in hypertension induced by extirpation of the 
eardiac pressor-receptor nerves. 2. Carotid pressure tests are positive in 75 per 
cent of cases of hypertension. 3. Closure of the carotid arteries gives rise to 
increase, reopening to decrease, in pulse rate. The author is, however, quick to 
point out that the value of these methods of study is doubtful because anatomical 
and pathological situations may be unwittingly encountered which either prevent 
or enhance stimulation of the carotid sinus and because pain due to manual 
pressure may alter the reaction. In general he favors the use of closure of the 
carotid arteries. 4. Bradyeardia was not observed in cases of coarctation of the 
aorta. Since he believes hypertension in this condition to be purely mechanical, 
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he concludes that, whatever the immediate reaction to acute carotid sinus stimu- 
lation, prolonged stimulation is in some way compensated for. 5. Clinical ob- 
servation does not adduce any evidence of forms of neurogenic hypertension 
which corresponds to that seen after extirpation of the cardiac pressor-receptor 


nerves. 
J. M. 8. 


Hermann, H., Jourdain, F., Morin, G., and Vial, J.: Intensification by Eserine of 
the Action of Acetylcholine Upon the Secretion of Adrenalin. Compt. rend. 


Soe. de biol. 124: 317, 1937. 


Although the action of eserine in inereasing and prolonging the action of 
acetylcholine is well known, the demonstration that the drug also calls forth a 
greater secretion of adrenalin following the injection of acetylcholine has not 
been demonstrated. By the ingenious device of connecting the adrenal vein of a 
dog whose adrenal gland has been denervated to the jugular vein of a dog sensi- 
tized to the effect of adrenalin by destruction of the thoracic, lumbar, and sacral 
spinal cord, it was easy to demonstrate this fact. When acetylcholine is injected 
into the dog with denervated adrenals (donor) arterial pressure falls promptly, 
but no change occurs in the second (transfused) dog due to liberation of adrenalin 
which counteracts the fall in pressure. If eserine is now given to the donor dog 
before acetylcholine, not only is the fall of the arterial pressure in donor (dog 
with denervated adrenals) sharper and longer, but the transfused dog (sensitized 
to adrenalin) shows a marked rise of pressure. Evidently, then, the secretion 


of adrenalin as well as that of acetylcholine has been markedly increased. 
J. M.S. 


Battro, A., Braun-Menendez, E., and Orias, O.: Asynchronism of Ventricular Con- 
traction in Bundle-Branch Block. Rev. argent. de cardiol. 3: 525, 1956. 


By optically recording in the same person the apex beat, the venous pulse, 
the central arterial pulse, and the heart sounds, two records at a time, it is pos- 
sible to recognize whether or not both ventricles beat synchronously. Applying 
these procedures in twenty patients showing electrocardiograms considered as 
characteristic of the so-called bundle-branch block, the following conclusions were 


drawn: 

Of seventeen patients with electrocardiograms belonging to the so-called ‘‘ecommon 
type’’ (right bundle-branch block, according to the old nomenclature), in fifteer 
there were obvious signs showing that the right ventricle contracted first, thereby 
indicating really a left bundle-branch block. In the other two cases no signs of 
asynchronism could be detected. 

From three cases with electrocardiograms characteristic, according to Wilson 
and his associates, of a right bundle branch, in one, a clear precedence of the 
left ventricle was actually found, but in the remaining two cases all signs of 
asynchronism were lacking. 

The electrocardiogram by itself, therefore, is not a reliable means for estab- 
lishing a diagnosis of complete bundle-branch block with its mechanical conse- 
quences. It is the adequate recording of the mechanical events due to the heart 
action which affords the only means to determine the existence of a ventricular 
asynchronism, thereby allowing the recognition of a delayed excitation through 
one of the bundle branches, with possibility of ascertaining the location and the 
degree of the functional disturbance. 


AUTHOR. 
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Gilson, A. S., and Bishop, G. H.: The Effect of Remote Leads Upon the Form 
of the Recorded Electrocardiogram. Am. J. Physiol. 118: 743, 1937. 


The material which has been presented deals with the distribution of potentials 
in a conducting medium surrounding hearts or inorganic models. 

It has been shown that the so-called dipole theory of tissue potentials as ex- 
pounded by its proponents is not adequate because: 

a. The nature of the spread and duration of the activity in a tissue such as the 
heart, in which the duration of the sustained activity is greater than the time re- 
quired for the spread of the impulse through the chamber under consideration, is 
such as to preclude the assumption of a moving, constant dipole. 

b. When the entire heart surface has changed from a condition of rest to a 
condition of activity, any change of potential involved must be accompanied 
by a change in the potential of the whole medium with which the heart is in con- 
tact, since no difference of potential exists, either during rest or during the com- 
pletely active state, between this surface and any point in the medium. The as- 
sumption that a distant point in this medium does not change in potential with 
change from passive to active state of the heart is therefore misleading and 
physiologically is beside the point, since such an assumption is derived from the 
erroneous notion that the active process in heart tissue can be adequately treated 
as a simple dipole moving in space. 

A lead in contact with the moist surface of the heart in air tends to record 
with considerable localization the potential changes occurring at the heart sur- 
face immediately beneath it. On the other hand, any electrode in the bath and 
removed from the heart surface tends to record an averaged potential from the 
entire heart surface. The actual record obtained with leads in whatever position 
is, of course, a record of the potential differences between the two electrodes. 

It is urged that, although expediency often demands, as for the case of the 
clinical electrocardiogram, the use of remote leads, nevertheless, records obtained 
by use of such leads should not be considered as offering valid a priori or complete 
evidence concerning the nature of the local potential changes at the heart surface. 
It should be obvious that despite this, the electrocardiogram offers a valuable aid 
in studies of the heart, but it has this value only because of the accumulation 
of empirical clinical data and the correlation of this material with data obtained 
by direct experimentation. 

It is not considered that the arguments offered in support of the so-called 
dipole theory are such as to warrant abandonment of the classical or so-called 
negativity hypothesis as fundamental in the analysis and interpretation of electro- 


grams from active tissues. 
AUTHOR. 


Molz, B.: Experiments With Models in Investigating the Electrical Field of the 
Heart (The Problem of the Null Potential Electrode and the Einthoven Equi- 
lateral Triangle). Pfliiger’s Arch. f. d. ges. Physiol. 237: 251, 1936. 


The investigation showed that Einthoven’s equilateral triangle equations did 
not hold in the triangular field. These results do not support the view that 


Wilson’s null potential electrode has a zero potential under all conditions. 


Golder, W.: Concerning Notching in the Main Deflection of the Electrocardiogram. 
Ztschr. f. Kreislaufforsch. 28: 881, 1936. 


Changes in the respiratory position of the chest and distention of the abdomen 
can alter the notchings of QRS or make them disappear. It is possible in this 
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way, and by changing the position of the electrodes, to demonstrate the trans- 
formation of Q-, R-, or S-waves into notches. These notches, therefore, are due 


to differences in the summation of the action currents of the two ventricles. 
L. N. K. 


Goldberg, M., and Rothberger, C. J.: The Electrocardiogram of the Specialized 
Heart Muscle. Pfliiger’s Arch. f. d. ges. Physiol. 237: 295, 1936. 


The electrogram and optically registered mechanogram of Purkinje fibers were 
recorded. The former resembled the electrocardiogram of the whole heart. This 
electrogram has upright waves when the septal end of Purkinje fibers are con- 
nected to the right arm and the other end to the left arm electrode of the gal- 
vanometer, indicating that in the isolated fiber the impulse spreads outwardly 
from the septal end. The electrogram lasts much longer than the mechanogram 
and the absolute refractory phase. The second phase of the electrogram is, there- 
fore, an afterpotential and not equivalent to the S-T and T segments of the 
electrocardiogram of the whole heart. 

Palmer, J. H.: The Size of the Heart After Coronary Thrombosis. Canad. M. A. 
J. 36: 387, 1937. 


Enlargement of the heart was found by radiological methods in 64 per cent 
of a series of 200 patients who had survived an atfack of coronary thrombosis. 
Those with doubtful enlargement, 16 per cent of the series, were, for the purpose 
of this paper, added to the normal group, but the high incidence of enlargement 
in published necropsies favors the view that these doubtfully enlarged hearts are 
in reality enlarged. 

The factors causing enlargement after coronary thrombosis are discussed. By 
far the most important proved to be hypertension, which was held to be the 
single or predominant cause in more than 80 per cent of all cases with enlarge- 
ment. 

Disease of the coronary arteries, either the actual thrombosis with its resulting 
infarction or the underlying arteriosclerosis, led to increase in the size of the 
heart in a total of 11 cases (8.6 per cent). Of these, 4 (3.1 per cent) had cardiac 
aneurysm, 3 (2.4 per cent) had a bundle-branch lesion, and the remaining 4 
(3.1 per cent) had enlargement, apparently due to chronic myocardial ischemia 


alone. 
No example of so-called acute dilatation of the heart was discovered among 


27 patients examined radiologically within a month of the attack. Congestive 
failure, which was not seen in hearts of normal size, seldom led to an appreciable 
increase in the degree of enlargement. 

About a third of the patients (36 per cent) failed to show or to develop en- 
largement, though watched over periods averaging more than three years follow- 
ing the first attack of coronary thrombosis, and this number included several with 
recurrent attacks. 


AUTHOR. 


A. Kirch, E.: Increase in Power and Hypertrophy of the Heart Following Athletics 
(Based on New Autopsy Material). Ztschr. f. Kreislaufforsch. 28: 893, 1936. 


This report is based on nine necropsies of athletes from fifteen to twenty-five 
years of age at the time of death. Death in all these cases was sudden or acute, 
and all were in good health up to that time. In three of these there was a definite 
hypertrophy for which no cause other than athletics could be found. A summary 
table of data is given, and photographs of gross specimens are shown. These 
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individuals were long distance swimmers or runners [as were cases previously 
reported by him]. The hypertrophy was greatest in the right ventricle. Three 
of the nine athletes had hearts at the upper limits of normal, and these the author 


considers as ‘‘powerful’’ hearts. 
L. N. K. 


Dicker, E.: The Presence of a Prolanlike Substance in the Urine of Patients With 
Essential Hypertension. Compt. rend. Soc. de biol. 124: 303, 1937. 


Samples of urine of twenty patients with hypertension and of twenty normal 
individuals (ten old, ten young) were, after proper preparation, injected into 
young impuberal virgin mice. The mice were then killed and examined. The 
uteri, tubes, and ovaries of those mice which were injected with urine from 
hypertensive patients showed, in most instances, well-marked hypertrophy. The 
injection of normal urine was not followed by hypertrophy. The urine from 
twelve of the twenty hypertensive patients whose blood pressure was constantly 
and markedly elevated was in each instance followed by hypertrophy but in 
eight, whose pressure was labile (maximal 230, minimal 100 mm. Hg) hypertrophy 
was inconstantly present and not so marked in degree. 

The reaction in the mice suggested the presence of a prolanlike substance, and 
the author admits this finding as evidence of stimulation of the diencephalic or 
mesencephalic centers in hypertensive individuals. He concludes that the ob- 
servation reenforces the hypothesis that essential hypertension is of central 


nervous origin. 
J. M.S. 


Barto, A., and Lanari, A.: The Action of Acetylcholine Injected Intraarterially 
Into Sympathectomized Subjects. Compt. rend. Soc. de biol. 124: 386, 1937. 


This short note states that a few days after sympathectomy, reaction to the 
intraarterial injection of acetylcholine is normal; increase in vascular oscilla- 
tions, pain, redness, and sweating occur. A few months afterward the reaction 
may, however, differ considerably. In a certain number of cases decrease in the 
amplitude of oscillations, i.e., vasoconstriction, no sweating and only a faint red- 
ness are observed, and in the same individual this reaction is subsequently re- 
producible. Sweating is, therefore, believed to depend upon the integrity of the 
sympathetic nervous system. Although the authors do not mention the fact, it 
seems likely that the failure of intraarterial injections of acetylcholine to give 
rise to marked vasodilatation in sympathectomized individuals might depend 
upon the development of sensitivity to adrenalin which is thought to be liberated 


in response to injections of acetylcholine. 
J. M.S. 


Bruck, H.: The Action of Histamine Upon the Blood Vessels of the Brain. Klin. 
Wehnschr. 16: 236, 1937. 


The observations recorded were made possible by a persistent opening in the 
temporal bone of a patient with fracture of the skull and hemiplegia. Unfor- 
tunately, the author does not state how the cerebral pulse was recorded and fails 
also to mention what the ordinates of time were in the two smoked drum records 
reproduced. The eerebral pulse appears to have been recorded plethysmograph- 
ically. Quantitation of the observed changes is, however, impossible since the 
instrument was apparently not calibrated. 

In spite of these defects the observations are, if substantiated, of considerable 
interest. In the first curve a decrease in brain volume and in amplitude of pulsa- 
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tion during assumption of the erect posture is shown. The second figure shows 
simultaneous records of cerebral and arm volume and pulse during injection of 
histamine. The cerebral pulse becomes somewhat greater in amplitude before 
the volume of the arm increases. From this it is concluded that dilatation of the 
cerebral vessels by histamine is not dependent upon changes in systemic circu- 


lation. 
J. M.S. 


Errata 


In the article, ‘‘Electrocardiographic Changes in Normal Adults Following 
Digitalis Administration’’ by Kaj Larsen, Fritz Neukirch, and Niels A. Nielsen, 
which appeared in the February issue, certain inaccuracies appear in Table I on 
page 166. In the column headed ‘‘T,’’ the figure on the fourth line from the top 
should be preceded by a negative sign (-), and in the column headed ‘‘T,’’ the 
figures on the first, second, tenth, fourteenth, eighteenth, nineteenth, twentieth, 
twenty-first, twenty-second, and twenty-fourth lines should have in front of them 
a negative sign (-) instead of a positive sign (+). 
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